Spectroscopic Studies of Organic Molecules by Agarwal, Yogesh Kumar
SPECTROSCOPIC STUDIES OF 
ORGANIC MOLECULES 
ABSTRACT 
T H E S I S 
SUBMITTED FOR THE AWARD OF THE DEGREE OP 
Bottor of pi|ilQ£^opI|p 
IN 
P H Y S I C S 
BY 
YQGESH KUMAR AGARWAL 
UNDER THE SUPERVISION OF 
DR. P. K. VERMA 
I^EPARTMENT OF PHYSICS 
ALIGARH MUSLIM UNIVERSITY 
ALIGARH (INDIA) 
2003 
%y-'-" 
The Ph. D. thesis entitled " Speofroscopic studies of organic 
molecules" submitted by Mr. Yogesh Kumar Agaewal contains eight chapters. 
Various chapters deal with the different vibrational spectra and their theoretical 
considerations. 
The present thesis Includes the Infra red spectra of sonne steroids and 
Laser Raman and FT IR spectra of some benzene derivatives. We obsen/ed 
some new characteristic vibrations in case of steroids. Vibrational frequencies in 
the laser Raman spectra of the substituted benzenes have been con'elated with 
those obtained In the Infrared spectra. 
We have started with the General introduction in chapter - I. This part 
deals with the general theory of the molecular vibrations observed in Infrared and 
Raman spectra of the polyatomic molecules like substituted benzenes and 
similar molecules, which provides a guide line for the studies in the vibrational 
spectra of these molecules. Occurence of these vibrations, in the laser Raman 
and infrared spectra have been explained classically and with the help of the 
Schrodinger wave equation, Eigen functions and other details, which are required 
to, illustrated the basic principles regarding these vibrations. Only method to 
study the structure of polyatomic molecules is to study the various nomnal modes 
of vibrations. Considering the nuclear frame of the molecules, the vibrations of 
different atomic groups can be considered as the main characteristic of the 
molecule. These vibrations have different nature. They may be symmetric or 
anti - symmetric depending up on their occurrence and the symmetry of the 
molecule. Different character tables for Deh, Czv and Cs point groups have been 
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explained on the basis of tiie various symmetry elements and operations 
possessed by the molecule. Spectrum of benzene molecule in infrared, Raman 
and electronic modes have been extensively studies. Occurrence of the 
vibrations in benzene molecule is very limited due to its highly symmetric nature. 
Different symmetric and anti - symmetric vibrations of the benzene molecule 
have been explained tak/ng the appropriate symmetry of the various vibrations. 
Some vibrations in the benzene molecule are degenerate vibrations. Their 
degeneracies have been explained taking the required symmetry considerations. 
Theoretical considerations contain the transformation of various coordinates. 
These transfomned coordinates give approximately the occurrence of all the 
vibrations in a polyatomic molecule. Secular equation has been obtained by 
considering the various energy equations and their solutions in terms of 
vibrational frequencies. In the quantum mechanical treatment, Shrodinger's 
equation has been divided in to various components of the energies of the 
molecule taking the approximation of simple harmonic oscillator. Eigen functions 
have been described as the eigen functions of the simple harmonic oscillator in 
different vibrational states. 
The theoretical treatment for the vibrational contribution of these 
vibrations to the thermodynamic functions is given in detail. This possibility of the 
calculation of the thermodynamic functions is of great practical importance 
because of the direct experimental measurement of these quantities is usually 
difficult and tedious and some time impossible, and the values calculated from 
spectroscopy data are more accurate than those determined by direct themnal 
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measurements. Themnodynamic quantities have been calculated by taking the 
vibrational frequencies contributions. The formulae contain most of the time the 
frequencies observed in vibrational spectra. On the whole this type of 
contribution is only important due to the fact that contribution from the rotational 
frequencies is not so significant as compared to that of vibrational frequencies. 
Chapter - II includes the infrared studied of C-6 Spiro steroidal tetrazines 
and its derivatives. Derivatives of C-6 Spiro steroidal tetrazines have been 
prepared. Infrared spectra of Chloro, Bromo, lodo and acetate derivatives of C-6 
Spiro steroidal tetrazinesL and th& parent compound have been recorded on 
Perkin - Elmer modef - 273^  in^  the^ range 6Q6^  - 40OQ crrf\ Important 
characteristic vibrations of the above molecules have been identified in terms of 
angular methyl group bending vibrations for the methyl group in between two six 
membered rings (Cio) and in between a five and a six membered rings (Cis), C-
S, C=0, N-H, C-CH3 and other fundamental vibrations. Molecules have been 
considered to belong to Cs point group, as there is only one elennent of symmetry 
i.e. plane of the molecule. Effect of substituentSL of the parent molecules is quite 
evident by shift in the vibrational frequencies and change in nature of infrared 
spectra. Vibrational analysis has been performed in terms of various fundamental 
vibrations and combinations of these vibrations. The ideal gas state 
thermodynamic functions are computed in the temperature range 100 - 1500 K 
utilizing the fundamental vibrations observed in infrared spectra of these 
molecules. Our research paper on Infrared Spectra of C6 - Spiro steroidal 
tetrazines have been published in Indian Journal of Physics 77B. (2003) 207 and 
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a research paper has been presented in II national conference on spectroscopy 
(NCONS 2000) held at Pachaiyappa college, Chennai (9-11, Aug. 2000) 
Chapter - III deals with the Infrared studies of 6-Oximinocholest - 4 - ene 
- 4-thio-carboxylic anhydride and its derivatives. The chloro and acetate 
derivatives of 6 - oximino cholest - 4 - ene - 4 - thio - carboxylic anhydride 
have been prepared in Steroidal Research Laboratory, Department of Chemistry, 
A.M.U Aligarh and used as such with KBr in the form of a circular disc to record 
the infrared spectra. Infrared spectra were recorded on Perkin-Elmer model - 237 
infrared spectrophotometer. All infrared spectra have been recorded in the region 
650-4000 cm"\ Visual estimates of the intensities have been given in the visual 
scale of 1 to 10. Vibrational frequencies have been reported with the accuracy 
of ± 5cm"\ 
Important characteristic vibrations of these molecules have been identified 
in temns of C=S, C=C, C=N, C-CH3 and other fundamental vibrations. These 
complicated vibrations should be very carefully identified on the basis of their 
intensities, their occun-ence with various fundamentals and their approximate 
magnitudes. Vibrational assignments of such complicated molecules have been 
performed by taking the help of similar vibrations observed in similar molecules. 
These studies will be helpful to identify ground state vibrations of the above 
steroids. In the electronic spectra of the steroids, excited state vibrations can be 
confirmed with the help of ground state vibrations observed in the infrared 
spectra of the same molecules. Molecules have been considered to belong to Cs 
point group. These compounds also exhibit some interaction vibrations, which 
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indicate the nature of complexities in such big molecules. The ideal gas state 
themnodynamic functions are computed in the temperature range 100 - 1500 K 
utilizing the fundamental vibrations observed in infrared spectra of these 
molecules. Our research paper on Infrared Spectra of 6-Oximinocholest have 
been communicated to Asian Journal of Physics for the publication and a 
research paper has been presented in III national conference on atomic and 
molecular physics held at Indian association for the cultivation of sciences, 
Jadavpur, Kolkata (16-20, Jan. 2001) 
Chapter IV and V includes Vibrational spectra of complex 
polyatomic molecules, which play an important role to recognize the various 
vibrations. These vibrations are responsible for the activity of certain molecule, 
which is present most of the times to obtain the exact behaviour of these 
complex molecules. Vibrations are also responsible to give the reason for the 
importance and structural contribution in a large molecule. In this continuation, 
series of steroids are studied in the infrared region to detect the various strong 
vibrations, which can tell the peculiar behaviour of steroids. S-H stretching 
vibrations are observed in the range of 2600 - 2550 cm'^  with weak intensity in 
the organic compounds containing S-H groups, this vibration does not change 
due to intermolecular hydrogen bonding. There is approximately no change In its 
value when we record the spectrum in liquid and in solution. 
A few combination and overtone bands involving the fundamental 
frequencies have also been obsen/ed. These compounds also exhibit some 
interaction vibrations, which indicate the nature of complexities in such big 
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molecules. Our research paper on IR studies of some steroids have been 
presented in India - Japan Workshop on New Advanced Materials In Molecular 
Electronics (NAMME) N P. L Delhi (10,11 - Dec 2001) and National conference 
on Laser and Spectroscopy, Department of Physics, N. S. A. College, Meerut 
(28,31-Dec 2001) 
In Chapter VI vibrational studies of substituted toluene has been reported. 
In recent times, toluene and substituted toluene have become very important on 
account of their wide use in medicine and industry. Vibrational spectra of various 
substituted toluenes were reported earlier. Among the halogenated nitro toluene, 
the Vibrational spectra of chloronitro -, bromonitro -, and fluoronitro - toluenes, 
were reported earlier, but the Vibrational spectra of iodonitro toluenes do not 
seem to have been investigated so far. This chapter deals with the recording 
and analysis of the FT - Raman and FT - IR spectra of 2 - iodo - 5 - nitro 
toluene (2 - 1 5 - NT) in mid and far, infrared regions. 
Vibrational assignments of such complicated molecules have been 
performed by taking the help of similar vibrations observed in similar molecules. 
These studies will be helpful to identify ground state vibrations of the above 
benzene derivative, and to enable us to propose a consistent assignment for C-X 
modes and the internal modes of the substituent groups and to study the effects 
of these substituents on the phenyl ring modes. These frequencies observed in 
FT-Raman and FT-IR spectra were then used as ground state vibrations, to 
confirm excited state vibrations of (2-1 5-NT) with the help of the electronic 
spectra. Themiodynamic functions have been computed for a few temperatures 
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in the range from 100 - 1500K. Our research paper on FT - Raman and FT - IR 
spectra of 2 - iodo - 5 - nitro toluene have been communicated to Indian 
Journal of Physics 10B. (2003) (In press) 
Chapter VII includes the Vibrational spectra of 4 - Formyl benzoic acid. 
FT - Raman and FT - IR spectra of Commercially available 4-Formyl Benzoic 
Acid molecule of spec pure grade have been recorded in the region 400 - 4000 
cm"^  and 50 - 500 cm"'' respectively, using Bruker IFS 66V FT - IR / FT - Raman 
spectrometer having a resolving power of 0.1 cm'\ The FT - Raman spectrum of 
the powder sample over the range 50 - 3500 cm"^  are recorded using Nd - YAG 
laser, at wavelength 1064 nm and power 200 MW and a germanium diode 
detector. The FT - IR spectra in far infrared region are obtained over the 
range 50 - 500 cm'^  using polyethylene technique at a resolution of 4 cm ~\ The 
FT - IR spectra in mid infrared region are recorded over the range 400 - 4000 
cm"^  on a Nicolet Avtar - 360 FT - IR spectrophotometer, using KBr pellet 
technique. The accuracy of the measurements was estimated to be with in 
±2cm"''. 
The Vibrational analysis is carried out in terms of fundamentals, their 
combinations and differences. The probable modes of vibrations have been 
assigned assuming Cs symmetry, as there is only one element of symmetry i.e. 
plane of the molecule and thermodynamic functions have been computed for a 
few temperatures in the range from 100 - 1500K. 
In chapter VII, Comparative studies of some prominent vibrations have been 
done by taking the similar vibrational frequencies observed in different 
LiE3lS 
molecules. Most of the time, the are the characteristic vibrational frequencies of 
different molecules studied. These vibrations are also used to identify the 
particular organic molecules as far as their structure is concerned. It is always 
desirable to compare these vibrations in magnitude as well as their intensities 
observed in infrared and Raman spectra of the polyatomic molecules. Some 
times, there is an atrandum change in the same modes of the vibrations in 
different molecules. This happens only when a substituent is more electron donor 
or electron acceptor. These facts should be taken in to account. This quite 
evident from the table in making the comparison of different vibrations, that there 
is very small difference in the similar vibrations. Its occurrence is also important 
due to the fact that a particular atomic group is not subdued due to the presence 
of another highly reactive group. 
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Chapter -1 
GENERAL INTRODUCTION 
1.1 Introduction 
Vibrational spectroscopy is an important branch of physics particularly of 
Molecular Physics, which gives the information about the various vibrations 
associated with a molecule. These vibrations are significant to know the structure 
of a polyatomic molecule. Vibrations depend upon the atomic configuration of the 
molecule. If the molecule is linear, the number of vibrations will be 3N - 5 and if 
the molecule is non - linear, the number of vibrations will be 3N - 6, where N is 
the number of atoms in a molecule. Most of the vibrations are observed in 
infrared and Raman spectra of the molecule. Infrared spectrum is allowed if the 
molecule possesses a permanent dipole moment, otherwise it is forbidden. Most 
of the molecules which posses a permanent dipole moment, give infrared 
spectrum which contains vibrations in the ground electronic state of the molecule. 
These vibrations are classified in terms of fundamental, combination and 
overtone vibrations. Infrared instrumentation is quit complicated so far its 
maintenance is concerned. Infrared materials are hygroscopic and most of the 
time due to large humidity it becomes difficult to operate these instruments in the 
required effective manner. Therefore Raman spectra are required to be obtained 
due to the simple nature of Raman instrumentation and its versatileness for all 
the molecules whether they posses the permanent dipole moment or they do not 
posses the permanent dipole moment. Raman effect depends upon the 
polarizability of the molecule. When the monochromatic radiation is incident on a 
molecule, the molecular scattering takes place and we get the Stoke's and Anti -
Stoke's Raman lines. Stoke's Raman lines are observed towards longer 
wavelength side of the exciting line whereas Anti - Stoke's Raman lines are 
observed towards the shorter wavelength side of the exciting line. Stoke's Raman 
lines have more intensity as compared to that of anti - Stoke's Raman lines 
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shifted with respect to the exciting line, give the molecular vibrational frequencies 
in the ground electronic state. These vibrations are correlated with the infrared 
vibrations. This correlation of the various vibrations makes the occurrence of the 
molecular vibrations more relevant and genuine. This confirms the vibrational 
assignment for particular polyatomic molecule. Vibrations are classified again in 
terms of symmetric and asymmetric vibrations. Symmetric and asymmetric nature 
of vibrations are determine with the help of depolarization ratios of Raman lines. 
If the value of depolarization ratio (p) is greater than 2/3 the vibration is 
asymmetric and if it is less than 2/3, it is termed as symmetric vibration. Number 
of symmetric and asymmetric vibrations tells us about the symmetry of the 
molecule. If we know the proper symmetry of the molecule, the character table 
can be drawn and it will help us in the knowledge of the molecular configuration 
in the ground electronic state. 
Laser has played an important role to revive the Laser Raman 
Spectroscopy, with the help of a laser we can record the Raman spectrum in a 
very small time with the greater intensity. Number of Raman lines increases with 
the help of laser and the occurrence of the vibration e.g. combination and 
overtone vibrations becomes high. Laser Raman spectrum is highly useful to 
obtained the information of all the vibrations and symmetry of vibrations. 
In the present Ph.D. thesis Infrared and Raman spectra of some 
polyatomic molecules have been presented. Complete vibrational assignment 
has been given. Now the theoretical consideration of the vibrations of the 
polyatomic molecules will be discussed to know the insight of the occurrence of 
molecular vibrations and its theoretical justification. 
1.2 Theoretical consideration of vibrational spectra of 
polyatomic molecules 
1.2.1 Classical treatment 
To describe the motion of a polyatomic molecule, having N nuclei, 
we required 3N cartesian coordinates that is there are 3N degrees of freedom, in 
which there are three translational degrees of freedom to describe translational 
motion of the molecules as a whole and three rotational degrees of freedom to 
describe the orientation of the molecule in the space. The vibrational motion of a 
polyatomic molecule can be discussed classically by assuming that there are 
periodic changes take place at the same time as the vibrational motion of 
polyatomic molecule take place and no rotation of the molecule as a whole take 
place. Thus, we require 3N - 6 coordinates to describe the relative motion of the 
nuclei with fixed orientation of the system. In other words, we have 3N - 6 
vibrational degrees of freedom as a whole, that is, the vibrational motion. 
For linear polyatomic molecule, two coordinates are sufficient to fix 
the orientation and therefore there are 3N - 5 vibrational degrees of freedom for 
linear polyatomic molecules. These vibrational degrees of freedom give the 
number of different normal mode of vibrations and fundamental vibrational 
frequencies of a polyatomic molecule. 
The normal vibrations and normal coordinates of a molecules can 
be introduced by considering that in a normal vibration all atoms move with the 
same frequencies In such a way that the Cartesian components of the 
displacements change according to sine or cosine curves. Thus for particle i 
carrying out simple harmonic motion of frequencies v, the displacement S, is 
given by 
S, = S^ cos(2;ri^ + ^ ) ,^ ^.^ 
Where S° is the amplitude, t is the time and cj) is a phase constant. 
The restoring force in simple harmonic motion of the particle / is given by 
/7 '=„,^^_4; ,Vm,5, (1.2) 
Where, mi is the mass of the particle /. Thus, the restoring force is proportional to 
m,S, at every moment for any simple harmonic motion of frequency v. 
In a polyatomic molecule having N nuclei, if particle (or a atom) 1 is displaced 
from its equilibrium position by a distance whose components in the direction of 
the three fixed coordinate axes are xi, yi, zi, then the components of the restoring 
force F' can be developed into a power series in xi, yi, z;. 
^x ~ ~^xx^\ ~ ^xyy\ ~ ^xz^l 
Where kx!,,k^, are force constants. 
If other particles are displaced as well then the restoring force acting on particle 
1, may be given by equation (1.4) 
F'=-kl^x, -kll.y, -yti!z, - ^ 2 - O 2 -^11 ^ 2 ' -kl'z, 
Fi =-k\\x, - o . -Kh -'t;>2 -Kly^ - ^>2 - -K'^r. (1-4) 
f;' =-^:>, -/t.>, -4'z, -e^x, -k^y, -e^z, - -ki'z. 
Similarly, force acting on other particles (or atoms) 
^ =-kllx, -k-y, -k-z, -k^x -k^y^ - O . - -k^Jz, 
F'=-k>^-k;;y,-k-z,-k-x,-k-y,-k-z,- -k^J',^ 
F^ =-kllx, -kiiy, -ki}z, -ki^x, -e^y^ -e^ - _^-,^ 
^/ -Cx, -<V, -^ z^, -klX -O2 -Cz. - -kfz, ^^''^ 
K=-K\ - < > , -K:Z, -kl^x, -k^Jy^ -k^^z, - -k-z, 
^ / =-Cx, -k^^!y, -k^:z, -k^X -k^/y, -k^X _ _, 2 -K„ Zfj 
The coefficients k''^ determine, how the x-component of the force on the iih 
particle depends on the y connponent of the displacement of the Ith particle, and it 
can be shown that 
Which holds for any / and / and where x or y may be any of x, y or z. To see 
normal vibrations described above, put 
F;,=-4^'-v^m,y, (1-7) 
T-'/ A 2 2 
F. = -4;r v m,Zi 
In equation (1.4) and (1.5) 
4;rV^;7,x, = ^ > , + k^y, +A:.;>, +k'^x, -^k^y, +k';^z,+ +k\'!z, 
An'vhn.y, ^k^x, ^k^y, ^klz, +klx, +k'iy, ^k'^z, + +kl^z, 
4;z-V'm.z, - k'J^x, + k'^y, + kllz, + k'^x, + k'^y, +k'^z^+ +k'^z^ 
AK'v^m.x, = k'J,x,+k':^y,+kllz,+klU,+ki;y,+klh,+ +kl!'z. 
(1.8) 
4^'v'm,z, = C ^ , +'t;V, + ^ 2 , + O 2 + O 2 +^r^2 + + C % 
This set of linear homogenous equations for xi, yi, zi, xzyz^i «^ can be 
solve, if the determinant of the coefficients is equal to zero 
A" -An^v^m^ 
1^! 
K.yy -4;rV2 
A:" 
"h 
k'^ 
kl 
l^yz 
-ATV^V^ 
'^XZ 
f^zz 
"h 
'^xx 
yt'2 
-4 ;T^ l /^W2 
,N2 
"z r 
/ t ; ^ 
/t;^' 
icl^' 
kl' 
-Ajr-v^nifj 
(1.9) 
This is the determinant equation of the 3N degree and therefore has 3N roots. 
Thus the frequencies of the normal vibrations may be determined by equation 
(1.9). It is clear that there are (for linear molecules) five or six roots of the 
determinant equal to zero, correspond to non genuine 3N - 5 or 3N - 6 roots are 
different from zero and real. Thus we have 3N - 5 or 3N - 6 vibrational degrees 
of freedom. 
The normal vibrations and normal coordinates of a poly atomic 
molecule can also be discussed by using the low of conservation of energy. 
As the force is the negative derivative of the potential energy with 
respect to the displacement S„ the potential energy V, for simple harmonic 
oscillator is given by equation(1.10) by using equation (1.2) 
V, =27r'vf m,sf=-ky; (1.10) 
where k, = 4;rV,-m, is the force constant. 
The kinetic energy is 
T,=-m,s! (1-11) 
Therefore, total energy 
H,^V,+T,=^(k,s!+m,sf) (1.12) 
As in first approximation the potential energy in equilibrium position of a nuclei in 
a molecule V= 0. The potential energy for sufficiently small displacement is given 
by 
If k,j = kj, and coordinates xi, yi, zi, X2, y2, zj, are denoted by displacement 
coordinates qi, q2, gs, g^, gs, go , then the potential energy may be written as 
^ = 2^^'j9.Gj =-kugf +-^ 22-72 + +'^12^1^2 +'^13^1^3 + ( L H ) 
Here A:,, =k'^,k,, = kl^ k,, = k^^ — (1.14a) 
and kinetic energy is given by 
(1.15) 
Here 
by = 0 for / Pij and bu = b22 = bss = '"/> b^4 = bss = boo = W2, for / - ; (1.15a) 
If we introduce new coordinates r]i,r]2,% %N^V means of the linear 
equations 
[x, = b , = c,,7, + c,2772 + c^^% + 
[z, =1^3 = C„77, + C32772 + 3^,773 + 
^, = C„7l + ,^2^ 72 + ^,3^3 + 
Then, the total energy becomes 
H^V + T 
= -(^^f +^27: + +^.'nf +-
7,-+ ^3-;^ ) 
(1.16) 
"^N^iKJ (1.17) 
4(. + -[^f+^2+- -+v. 
Where X\ are the roots of the secular equation (1.18) 
= 0 
1^1 -bu^ 
/C^i Oyi^ 
^31 -b'i]^ 
Ki-y 0,2^ 
22 22 
/C-,-) 0 -12^ 
it,3 -6 ,3/1 
^23 " ^ 2 3 ^ ^ 
^33 ~ ^ 3 3 ^ 
(1.18) 
Where k,j and b,j are from equation (1.14) and (1.15) respectively on substitution 
equation(1.14a) and (1.15a) in equation (1.18) we have 
kll-m 
zx 
K 
kl' 
X 
^:; 
k]l-m 
K 
X 
k 
/}-" 
V z 
K 
V^-m 
^^' 
/t^-T' 
1 
;^.^  
c 
/t_j^ nijA, 
L.N2 
k\^ 
kl^ 
e 
kz' ~m,X 
= 0 (1.19) 
Equation (1.17) is the sum of 3N independent terms. That is the motion of a 
polyatomic molecule having N nuclei may be considered as a superposition of 3N 
independent simple harmonic motion in new coordinates. 
This equation (1.19) is identical to equation (1.9), thus both the methods leads to 
the same frequencies for the normal vibrations. 
1.2.2 Quantum Mechanical Treatment: -
The Schrodinger wave equation of a system of N particles of 
masses m, and coordinates x„ y,z, is given by 
1 ^aV aV 5'y/^  
,m, fix," dy^ dz; 
STT y - L ^ ^ ^ ^ ^ + ^ ( £ _ F V = 0 (1.20) 
Where ^ i s the wave function, E is the total energy and V the potential energy . 
The solution of the Schrodinger equation will be simplified by introducing normal 
coordinates(71,772,773 773;^ ) by means of the equation (1.16) and by 
using equation (1.13) 
y/ = 0 (1.21) 2 
Where X, are the roots of the equation (1.18) and (1.19) the wave function y can 
be represented in normal coordinates 771,772,773 773^  as 
^-¥^ (7, V2 (72) ¥^N {v,N ) (1.22) 
If, we divide equation (1.21) by vj/ we obtained equation (1.23) 
J - ^ + J _ . ^ + 1 d-ij/^^ ^ U-
Vx H ^2 9772' ^3^ 5773^ ;, h" = 0 
(1.23) 
The variables in the equation (1.23) may be resolved into the sum of 3N 
equations 
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1 5>,. 8;r' 
^/ " 2 " ^ ' ^ ' ^ =0 (1.24) 
With E = E(,) + E(2) + E(3)+ + E(3N) (1 -243) 
Equation(1.24) is the well known equation for the simple harnnonic oscillator in 
terms of the normal coordinates rj,. Thus, in the wave mechanics vibrational 
motion of the molecule may be considered as the super position of 3N simple 
harmonic motions in 3N normal coordinates as in classical mechanics. 
1.2.3 Energy Levels and eigen functions 
The eigen values of equation (1.24), that is the energy values of the 
harmonic oscillator /, are given by 
£,. =/tv, 
f 
v , - + - (1.25) 
Where v, = 0, 1, 2, 3, - - - - is the vibrational quantum number, and vi is the 
classical oscillation frequency of the normal vibration /. h is Plank's constant. 
Consequently, the vibrational energy of a polyatomic molecule is from equation 
(1.25), of the form 
r 
. 2) 
and the term value can be expressed as 
+ hv. f r V 3 + -
' 2 
+ — (1.26) 
he 
r 
= co. 
1 V, + -
. 2y 
-VM^ 
^2 + - 1 + ^3 V 3 + -
1^  
2) 
(1.27) 
+ • 
Where «,are the classical vibrational frequencies measured in cm " ^ unit. In 
equation (1.24a), (1.26) and (1.27), the non-genuine vibrations are included. 
However, since v = 0 for them, they do not contribute to the vibrational energy 
and therefore we shall consider in equation (1.27). The summation over the 
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3/V-6 / I ^ 
3N - 6 normal vibrations, i.e. G(V,,V2,V3--V3jv_6)= 1^ 6), v , + -
(=1 V ^ 
. From, 
equation (1.27) it is clear that for v, =0,V2 =0,V3 = 0 - - t h a t is In the lowest 
possible state, the total vibrational energy is not zero but has a value, called zero 
point vibrational energy, and can be expressed as 
G{0,0,0,— -) = ^ o),+^cD,+~co, = t^. (1-28) 
2 2. Z ,=1 
In polyatomic molecules the zero point energy may be of 
considerable magnitude. The energy levels for which all vibrational quantum 
numbers are zero except one, which has the value unity, called fundamental 
levels. When only one v, is different from zero, but that quantum number is 
greater than one, then the corresponding levels are called overtone levels and 
when two or more than two quantum numbers have non zero values then the 
resulting levels are called combination levels. 
The eigen functions ^,('7() °^ equation (1.24) are harmonic 
oscillator eigen functions as shown in figure (1.1) by broken line curve. The 
expression in mathematical form is 
V^,W=N,,e^'^^ H,X4^^ (1.29) 
Where A^^^  is a normalization factor, a, = — ^ and //„_ (jai^) is a hermit 
polynomial of v,th degree. The total vibrational eigen functions are the product of 
3N - 6 harmonic oscillator functions for polyatomic molecules and 3N - 5 
harmonic oscillator functions for linear polyatomic molecules. It is a function in the 
3N - 6 (or 3N - 5) dimensional space of the 3N - 6(or 3N - 5) normal 
coordinates 
If only one normal vibration is excited i.e. vi, the Eigen function is given by 
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If, for a moment we neglect the zero point motion of all the other normal 
vibrations i.e. ?]2 = O.JJS = 0, Then by using equation (1.22) eigen 
functions becomes 
However, we can never neglect the zero point motion of the other 
vibrations, i.e. T]2,T]3 ?^ 0 even if V2 = vj = = 0 
In this case, equation (1.30) does not simplify to equation (1.29). 
The general consequence of this is that the probability of finding a particular atom 
outside the line corresponding to classical motion is not zero but decreases in 
any direction perpendicular to this line according to a function like the full curve v 
= 0infig(1.1) 
The vibration eigen function ii/,(rj,) may be an even or odd function 
of T]i, the function i//,(rii) remain unchanged (or changed) in sign for even (or odd) 
function of the rj, respectively, depending on whether v, is even or odd. 
If we consider degenerate vibrations, then eigen values and eigen 
functions may change. 
For double degenerate vibration two of the co's in equation (1.27) 
are the same i.e. ©a = (Ob, then the formula for the term values may be written as 
G{v,,v,,v,,--~v,.--) = o),\j,+jyo),\v,+~] + +coXv,+l)+— (1.31) 
Where we have put co,- = ©a = co., and v, = v„ + v, and corresponding total 
vibrational eigen function may written as 
11 
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Fig 1.1 - Eigen functions and probability distributions of the harmonic oscillator 
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V. (;,,)= N,S'' ^-''''H,, ( J ^ K ( ^ <1 -32) 
Where a, = ^ = ^ 
If y^ = v^_ since HOSJOTJ^ constant, there is only one function that is, the zero 
point vibration does not introduced a degeneracy. If we have Va = 1, Vb = 0 or 
Va = 0, Vb^ 1 that is degenerate vibration is excited by one quantum. Then there 
are two eigen function's for the state v, = v^  + Vb+1 of energy G = to, (1+1) 
it is doubly degenerate. If degenerate vibration is excited by two quanta i.e. Va ^ 2, 
Vb = 0 or Va ^ 0, Vb = 2 or Va ^ I, Vb = 1 then v, - v^  + Vb+J=2+1 of energy 
G = . _ _ - (fli (2+1) i.e. there is a triple degeneracy. For triple degenerate 
vibrations ©a = cob = coc = ®k and term value can be written as 
, V2+- + +0)^ Vk+- — (1.33) 
\ 2J \ ZJ 
where v;^  =v<j+Vi+Vc and corresponding total vibrational eigen function may be 
written as 
¥k=K,e'- ^ >f^v„lV«I^KiAK%K(V«^] (1-34) 
It is clear by above equation that if v* - 0 there is no degeneracy if triple 
degenerate vibration is exited by one quantum (v, ^ 1) then this state is triple 
degenerate. If it is excited by two quantum then there will be six fold degeneracy. 
Thus, in general for various degeneracy of the normal vibrations, the vibrational 
term value may be written 
G{y,,v2,vj, v ^ — ) = «/! V / + - + 0) 
r ^ \ G{V„V2,V3, ) = Y^coj[v. + '^ 
\ 2) (1.35) 
Where < = degree of degeneracy of the vibration co, 
d, = 1 for non degenerate vibrations. 
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1.2.4 Symmetry types of normal vibrations 
(Symmetry Consideration) 
Symmetry consideration is of much greater importance for 
polyatomic molecules not only for the determination of the normal vibrations but 
also for the discussion of higher vibrational levels and the influence of 
anharmonicity and the interaction of rotation and vibration. It was first applied to 
the vibrations of polyatomic molecules in 1923 by Brester's. The meaning of the 
symmetry of the polyatomic molecule is the symmetry of the configuration of its 
nuclei or in other words, of the nuclear frame. A molecule may have one or 
several symmetry elements, such as a plane of symmetry (o), a centre of 
symmetry (/), an axis of symmetry, which corresponds to symmetry operation -
that is a coordinate transformation that will produce a configuration of the nuclei 
indistinguishable from the original one. 
In general, a molecule has several symmetry elements. The system 
of higher and higher symmetry can be obtained by combining more and more 
symmetry elements. However not all combinations of symmetry elements are 
possible, for example a molecule can not have a three fold axis and a four fold 
axis in the same direction. On the other hand, the presence of certain symmetry 
elements implies the presence of certain other symmetry elements. For example 
if a molecule having two planes of symmetry at right angles to each other has 
two-fold axis symmetry, the line of intersection of the two planes. 
A possible combination of symmetry operation that leaves at least 
one point unchanged is called a point group. Any molecule must belong to one of 
the possible points groups, which are designated by C„ S,, C,. Q . Z),. Z),. r . T. 
and o,. Only few of them are discussed here, which are in relation with the 
molecules considered for the present investigations. 
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Point group Cs 
This point group has only one symmetry element, that is a plane of 
symmetry (o). The normal vibrations and eigen functions may be symmetric or 
antisymmetric which represent the element of this symmetric. Thus, there are two 
species for Cs point group, the symmetric one being called A' and the 
antisymmetric one being called A", represented in table (1.1). Where + 1 and -1 
is used to indicate symmetric and antisymmetric. The point group and symmetry 
operations including the identity / are given in the first line (row) and symmetric 
species, behavior of eigen functions for symmetry operations are given in the 
second and third column of second and third row. The non-genuine vibrations, 
translation in the x, y or z directions (7;, Ty, T,) and rotation about x, y and z axis 
{Rx,Ry, Rz) belonging to particular species are given in the last column. 
Point group Czv 
C2v Point group has three elements of symmetry, one two-fold axis 
symmetry {C22) and two plane of symmetry [a^ (xy) and cry (yz)] going through that 
axis and at right angle to each other. But one of these symmetry is a 
consequence of the other two symmetry that is, by carrying out two of the 
symmetry operations in succession the same result is obtained as by carrying out 
the third symmetry operation on the original system. Therefore, the behavior of 
the vibration and eigen functions with respect to the third operation Is given by 
their behavior with respect to other two symmetry operations. For example if a 
Vibration is antisymmetric with respect to two of the other two symmet^ 
operations, carrying out them in succession wll, bring the vibration back to the 
ongina, form, that is the vibration is symmetric with respect to the third symmetry 
operafon. The designation of the symmetry types, the behavior of the normal 
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Table- 1.1 
Symmetry types (species) for the point group Cs 
Cs 
A' 
A" 
I 
+ 1 
+ 1 
cy(xy) 
+ 1 
- 1 
Tx, 
Tz, 
Ty, 
Rx, 
Rz 
Ry 
OCxx, OCyy, azz, 
ttyzi 
axy 
ttzx 
Table-1.2 
Symmetry types (species) for the point group C2v 
C2v 
Ai 
A2 
Bi 
B2 
1 
+ 1 
+ 1 
+ 1 
+ 1 
C2(Z) 
+ 1 
+ 1 
- 1 
- 1 
av(xz) 
+ 1 
- 1 
+ 1 
- 1 
fyv(yz) 
+ 1 
- 1 
- 1 
+ 1 
Tx, 
Ty, 
Tz 
Rz 
Ry 
Rx 
Ctxx, Otyy, ttzz 
ttxy 
azx 
ttyz 
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vibrations and eigen functions having tliese symmetry types for the point group 
C2y are given in table (1.2). 
Point group Deh 
The point group Deh has, one six fold axis symmetry {Co) six two fold 
axis symmetry {C2) perpendicular to six fold axis symmetry, six vertical plane 
symmetry (a^), one horizontal plane symmetry (ah), one two fold axis (C2)MQe 
fold axis (C3) and six fold rotation reflection axis symmetry So (each coincident 
with Q) and a centre of symmetry (/). this point group consists of following 
operations 
I,2C„2Cl =2C„Cl =C„3C'„3Cl(J„,3a,,3cT„3S„2S„Sl=S,=i. 
The behavior of normal vibrations and eigen functions with respect to above 
symmetry elements and type of symmetry species of this point group is 
summarized in table (1.3). The subscript 'g and 'u denote the species, which are 
symmetric or antisymmetric with respect to a centre of symmetry. / represents 
doubly degenerate vibrations. 
The methods of constructing symmetry coordinates and the 
analysis of symmetry species of the vibrations of a molecule, whose symmetry is 
altered by isotopic substitution, both made use of the relation between the 
species of a given group and those of its sub groups. In some instances, more 
than one correlation exists between a given pair of groups. For convenience, the 
relation in between different point groups (like £>,,, C2., and C.) related to the 
molecules considered for present investigation or the transformations of 
symmetry species of D,„ point group to the reduced symmetry C,. and Q is given 
in table (1.4) 
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SI 
<o 
Q 
a. 
O 
c 
•5 
a 
<D 
JC 
CO 
T ~ 
1 
0) 
Si 
TO 
1-
(/> 
^ 0 
' I - ' 
u (0 
^ 
re £ 
u 
•0 
c 
re 
(0 
0 
a 0 
Q. 
0) 
(0 
0) 
a 
ir 
>» 
k . 
*-« 0 
E 
E 
>» 
<n 
to 
CO 
(0 
CM 
CM 
T3 
CO 
> 
CO 
o 
CO 
CM 
o 
CO 
o 
III 
to a 
eg 
o 
III 
CM 
to 
o 
(O 
O 
N . N 5^ • ^ 
ir H 
T - V - T - T - T - T - T - T - C M C N ( N O J 
+ 1 + 1 + 1 + " + ' + ' 
• + T " ! j r T " T " ! j r " T " + " + " T " 7 " ! j r 
" ! 5 f : ' 7 " ! j r V " + " 7 + ' " 7 ' 7 ' ! j r " 7 " + 
^ T - - C - T - T - T - - C - T - 0 0 0 0 
+ ' ' + + ' ' + 
X - - r - T - T - T - - 5 - - C - ' C - 0 0 0 0 
+ • ' + ' + + ' 
^ T - T - T - T - T - T - T - C M C M C V J C J 
+ ' + ' • + ' + ' + + ' 
T - , - - 5 - - C - T - T - - 5 - - C - 0 0 0 0 
+ + ' ' ' ' + + 
T - T - T - - C - T - T - T - T - 0 0 0 0 
+ + ' ' + + ' ' 
• . - • C - T - - C - - C - T - - C - T - C M C \ J C N C M + + + + 1 1 I I I 1 + + 
+ + + + T T T T ^ ^ ^ ^ 
+ + + T ^ ^ ' i * v i j r i j r " 7 T 
T T + T T T + T ? ? ^ ^ 
<<<<tncncnmuIuJu][il 
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Table-1.4 
Transformation of symmetry species of Deh point group to 
C2V and Cs 
D 6h ^2V 
aig a i a' 
aiu 32 a" 
a2g b2 a' 
a2u b i a" 
big 
biu a i a' 
b2g b i a " 
b2u b2 a' 
eig 
eiu 
629 
e2u 
 
 
32 
 
 
a2,bi 
ai,b2 
ai,b2 
a2,bi 
a',a' 
a',a' 
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In general, it will be shown that, non-degenerate normal mode of vibrations are 
always either symmetrical (unaltered) or antisymmetrical (change in species) with 
respect to a given symmetry operation of the point group of the undistorted 
molecule. A symmetry operation of the molecule will transform a member of a 
degenerate set of vibrations in to a linear combination of the members of the 
degenerate set [2]. 
The degree of secular equation (1.19) from which the normal 
vibrations are obtained is 3N where N is the number of atoms in the polyatomic 
molecule. Therefore, even moderate number N, it is difficult to solve the secular 
equation of 3N degree for the molecule. If the molecule has symmetry, the 
normal vibrations and corresponding eigen functions will have certain symmetry 
properties, which simplify the calculations of normal mode of vibrations. Thus, 
symmetry consideration can reduce enormously the labor and complexicity of the 
calculations of the normal modes and frequencies. 
In addition, with out any other information's what so ever, the 
symmetry and geometry of a molecular model can be used to determine the 
number of the fundamental frequencies, their degeneracies, the selection rules 
for the infrared and Raman spectra, the degree of the factors of the secular 
equation, the number of independent constants in the quadratic part of the 
potential energy function, the splitting of overtone levels, the possibility of the 
perturbations due to resonance, the nature of the rotational structure of the 
infrared bands, the polarization properties of the Raman lines and other 
informations [1,2]. 
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1.3 Theory of Infrared and Raman spectra of polyatomic 
molecules 
1.3.1 Classical treatment 
1.3.1.1 Infrared spectra 
The absorption or emission spectrum arising from the rotational and 
vibrational motions of a molecule, which is not electronically excited, is mostly in 
the infrared region. Infrared spectroscopy is an important technique in physical 
science. It is an easy way to identify the presence of certain functional groups in 
molecules in chemistry. In addition, one can use the unique collection of 
absorption bands to confirm the identity of a pure compound or to direct the 
presence of specific impurities. 
A change of the quadrupole moment or of the magnetic dipole 
moment leads to emission or absorption of radiation. Since, in the vibrational 
motion of a molecule the charge distribution undergoes a periodic change and 
therefore in general (not always) the dipole moment change periodically. 
Normal vibrations that are connected with a change of dipole moment and 
therefore, appear in the infrared are called infrared active, and the vibrations for 
which the change distribution is such that no change of dipole moment arises, not 
appear in the infrared, are called infrared inactive. 
The dipole moment )a of a molecule changes with frequency vi of 
the normal vibration /. If lu^, ;,^,and ^^ are the components of the dipole moment 
fi of the molecule in the direction x, y, and z and if ^l, ^^and ^^ are the 
component of the ;.«in equilibrium. Then ;.,can be, written as given in equation 
(1.36) 
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Similarly we can write an expression for //„and JJ.. , where n^, /i^and //.are the 
components of the dipole moment ^ of the molecule in the direction x, y, and z 
respectively. 
If at least one of the derivatives 
f... \ fd^ ^ ^o. . A 
^y 
0 K^I'J 
is different 
0 
from zero, the frequency will be infrared active. In harmonic oscillator 
approximation only the fundamentals vj are active, the overtones 2vi, 3vi 
and combination tones vj + vk and soon are infrared inactive If the harmonicity of 
the vibrations is taken in to account, the classical vibrational motion contains also 
the frequencies 2v\, 3vi and vi + Vk, vi - vk, 2vi + Vk . Therefore, in 
infrared spectrum in addition to the fundamentals overtone and combination 
vibrations may also occur if, they are connected with a change of dipole moment. 
In un symmetric molecules, there Is a change of dipole moment for every normal 
vibration, that is, all the vibrations are infrared active, but in symmetric molecules 
there may be no change of dipole moment and therefore, are infrared inactive. 
However, not every symmetric molecule has Inactive infrared vibrations. 
1.3.1.2 Raman spectra 
A change in the amplitude of the dipole moment included by the 
incident radiation during the vibration, fundamental frequencies appear as a shift 
in Raman spectra. The magnitude of the induced dipole movement P is given by 
|P| = a|E| (1.37) 
Where, E is the electric vector of the incident radiation of the frequency v and a 
the polarizability. If polarizability a changes during the vibration i with frequency vi 
P will change with the frequencies (v + vj) and (v - vi) as well as with the 
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frequency v, i.e. the scattered radiation will contain the frequencies (v ± v,) in 
addition to v. 
The polarizability of a molecule change with frequencies shift, if 
a, , ,a ,,G:^,—are the components of the polarizability tensor a. a^,a^,a,?.are 
the components of the a° in equilibrium. Then a,, can be written as 
"-.w ^xx 2^ 
'^Sa^,^ 
A^^' n,+-
(1.38) 
Similarly for a^y,a.^ — 
Therefore, the x component of the induced dipole moment may be give as 
P,=a^E,+a„,E,,+a,,E, (1-39) 
Since E,=E" cos27rvt,Ey=Ey cos27uvt,E,=E" cos2;ru therefore equation (1.39) 
becomes 
P^ = {alE° + alE° + alE° )cos 2rtM + ^ 
^^' Jo 
E° + 
^V, Jo K + 
^da,.^ 
E", 
0.40) 
V, 
X — \cos 2n{y + v, / + cos 2n\y - v, / ] 
Similar expression for Py and P^. It is clear from equation (3.4) that, the induced 
dipole moment oscillates witt^ tl^e frequency v of the incident radiation leading to 
Rayleigh scattering and with the frequencies v ± v,, leading to Raman scattering. 
If one of the components of the change of polarizability 
da 
•xy 
, is different from zero, the normal vibration will appear in 
Raman spectra i.e. Raman active. As in infrared spectrum, in Raman spectrum, if 
the an harmonicity is taken into account, in addition to the fundamentals, 
overtones and combination vibrations also may appear as Raman shift if they are 
connected with a change of polarizability but the intensity of the Raman lines 
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corresponding to overtones and combinations will be very small in comparison to 
the intensity of the Raman lines corresponding to fundamentals. 
In an unsymmetrical molecule, periodical change in polarizability 
taken place for every normal vibration, that is ail frequencies that appear in 
Raman spectrum are Raman active, but in symmetric molecules it may be that for 
certain vibrations the polarizability does not change and therefore are Raman 
inactive. 
1.3.2 Quantum mechanical treatment 
In quantum theory, the frequencies of infrared band and frequency 
shifts of the Raman bands and their intensity are determined by calculating the 
transition probabilities. We have the selection rule for the infrared and Raman 
spectrum of a polyatomic molecule for each normal vibration vi 
AVi = ± 1 (1.41) 
For an infrared transition, those vibrations having a change of dipole moment and 
for a Raman transition these vibrations having change of polarizability can follow 
equation (1.41). 
1.3.2.1 Infrared spectra 
The occurrence of a certain fundamental in infrared "spectrum 
depends upon the presence of a change of dipole moment. Dipole moment |a in 
wave mechanics is represented by the matrix formed from the integral. 
Where ^„and ^„,are the time dependent eigen functions of the system in two 
states n and m, asterisk indicate complex conjugate quantities. 
When n = m i.e. the diagonal element of the matrix represent the 
permanent dipole moment in the state 'n'. 
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When n^m i.e. off diagonal element of the matrix correspond to the 
transitions from n <^ m. 
The transition probability is proportional to the square of the time 
independent factor of equation (1.41) i.e. to the square of 
M'""=ky.^T (1.43) 
If we consider the transition between two vibrational levels V and v" then the 
vibrational transition probability will be proportional to the square of 
[^r = l^y^^^r (1.44) 
Where «^A^ ,and «^^ .^are the vibrational eigen functions of the upper and lower state 
respectively. This vibrational selection rule exists only when the molecule under 
consideration has element of symmetry. A vibrational transition v'<->.v" is allowed 
only when there is at least one component of the dipole moment ja (i.e. jux, juy or 
/4) that has the same given in table (1.1) 
Table 1.5 - Symmetry types component of the dipole moment 
and component of polarizability for point groups 
Cs, C2v and Den: -
Cs C2v Deh 
Bi Eiu 
B2 Eiu 
Ai A2u 
Al Aig, E2g 
Ai Aig, E2g 
Al Alg 
A2 E2g 
Bl Elg 
B2 Elg 
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^x 
^y 
\lz 
ttxx 
ttyy 
azz 
axy 
ttzx 
ttyz 
A' 
A' 
A" 
A' 
A' 
A' 
A' 
A" 
A" 
1.3.2.2 Raman Spectra 
The intensity of scattered light depends on the induced dipole 
moment P as given in equation (x). It may be represented in matrix form from the 
integral 
jv.„PV„,Jr (1-45) 
Where P is a vector its x component may be given by equation (1.39). The time 
independent part of equation (1.45) is 
M'" - l^.P^V^.dr (1.46) 
Where P°\s the amplitude of P. The intensity of a Raman transition n<-m is 
proportional to the square of the time independent part of the equation 
(1.45). Substituting P from equation (1.39). The components of the (p°]""'J may be 
written as 
[P:Y = E: jcz^yWy.dT + EI \a^,v^y„,dT + E^ \a^yfyjT (1.47) 
[P-T = El \a,,y/„y/l,dt + £° \a^^y/„¥ldT + £° \a^y/„y/ldT 
Here, E°,El and £° are the components of the amplitude of the incident light 
wave and the integrals. 
hj"" = ja^i/^y„,dT, [aJ- = la,^i/,„y,l4T, (1.43) 
are the matrix elements of the six components of the polarizability tensor. 
For n = m i.e. the diagonal elements of a or P° correspond to 
Rayleigh scattering, for n ^ m that is off diagonal elements of a or P^correspond 
to Raman scattering, that is, to transition n<^m induced by the incident light. 
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According to (1.47) a Raman transition n<-»ii is allowed if at least one of the six 
quantities [a,J""',[a,J"", , is different from zero. 
If ^^,and I//,,, are the vibrational eigen functions of the upper (v") 
and lower (v') state respectively then, a Raman transition between two vibrational 
levels v' and v" is allowed if the product y/^, y/^. has the same species as at least 
one of the six components axx, a^y of the polarizability tensor. 
It is clear by equation (1.35) for the vibrational energy levels, which 
applies to the harmonic oscillator approximation of polyatomic molecule, that the 
wave numbers of the infrared bands and the wave number shifts of the Raman 
bands are equal to the actual vibrational frequencies in c m " \ 
Thus, in this approximation, the quantum theoretical infrared and 
Raman vibration spectrum is the same as the classical one in respect to their 
occurrence or non-occurrence. However there is an important difference as to the 
intensities of the Raman bands. According to classical theory the stokes and anti 
- stokes Raman lines (v - co,) and (v + ooi) should have the same intensity. 
According to quantum theory and in agreement with the observation the anti -
stokes lines have a much smaller intensity than that of stokes lines, because the 
number of molecules in initial state vi = 1 of the anti - stokes lines is only 
e ^times the number of molecules in the initial state vi = 0 the stokes lines 
(i.e. in ground state). 
1.4 Explanation of the vibrations of Benzene 
The question of the structure of benzene is one that has occupied 
chemists for many decades. Kekule's model explains most of the chemical 
evidence about the benzene molecule structure. According to this model in 
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benzene molecule structure, the alternate C - C bonds are equivalent. This 
would be less symmetric model. On this model benzene would belong to the 
point group Dsh. The model in which carbon atoms are in different plane, from that 
of the hydrogen atoms, make benzene molecule, a member of Qv point group. 
Other model that has been considered, is the puckered ring model of symmetry 
Dsd. 
However, modern valence theories suggests a still more 
symmetrical model in which all C - C band are equivalent and consequently there 
is a six fold axis of symmetry. Assuming the H atoms to be in the plane of the C 
atoms and in there most symmetrical position to point group of this model in Doh 
as shown In the figure (1.3). Since, the point group Deh has all the symmetry 
elements of Dsh, Dsd and Csv we can obtain the normal vibrations for these lower 
symmetries from those of the DSH model. The behavior of normal coordinates and 
eigen functions for D6h point group are given in the table (1.3). 
In this model, the axis of highest multiplicity in the six-fold axis 
which will be z-axis of Cartesian coordinate the molecular plane of the benzene is 
lying perpendicular to the six-fold axis, as shown in the figure (1.2). There are two 
sets of two-fold axis designated as €[ and C", each consists of three members. 
The y-axis of Cartesian coordinate is coincident with one of the setC^ axis where 
as the x-axis is coincident with one of the setCj axis. The molecule has three 
diagonal planes (ad), three vertical planes (a,) and a horizontal plane ((T„) of 
symmetry one of the plane of reflections (o;, and ad) is coincident with the xy and 
xz plane respectively. The origin of Cartesian axis system is a centre of inversion 
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Fig -1.2 Symmetry of the benzene molecule 
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Fig 1.3 - Normal vibrations of benzene (point group D^u) 
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In the presence of centre of symmetry, fundamental vibrations 
would be in active both in infrared and Raman spectrum, Placzek [3] concluded 
that benzene could not be in a plane regular hexagon on account of the number 
of coincident frequencies which had been observed in the infrared and Raman 
spectrums. Bhagavantum [4] had already drawn attention these co incidents. 
Krishnamurti [5] revised the evidence and gave a list of twelve co incident 
frequencies. Many autores, followed Placzek and advocated Kekule structure, 
which does not have a centre of symmetry. [6-8]. Wilson [9] suggested that the co 
Incident were accidental and are due to considerable error attaching to the older 
measurements of infrared frequencies. Later on, Thompson and Wilson [10] 
states that on the basis of regular hexagonal model and isotopic shift observed in 
hexadeutro benzene, qualitatively accounts for the assignment of the Infrared and 
Raman fundamentals frequencies of or benzene molecule. 
There are three series of the symmetry species in Deh model 
hexagonally symmetrical a - series, trigonally symmetrical b - series and two fold 
degenerate e - series. The hexagonally symmetrical a - series have four 
vibrations divided between three classes, designated as aig, a2g and a2u- The 
species aig contains two totally symmetric vibrations which involve normal 
parallel and antiparallel coupling as shown in fig 1.3. These two modes of 
vibrations are designated as mode 1 and 2, which represent C - C and C - H 
stretching respectively. The mode 1 is ring breathing vibrations and is very ' 
sensitive to substitution these two modes are active in the Raman spectrum 
giving strong polarized line which provide proof in support of Deh model because 
for any other model there are more totally symmetric vibrations. The mode 1 and 
2 were observed at 991.6 and 3061.9 c m " ^ n benzene and at 944.7 and 2292.3 
cm - •• in hexa-deuterated benzene. The calculated product ratio for the class aig 
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is 1.41 where as experimental value is 1.40 which give support in favor of 
assignment [11,12]. 
The class a2g contains only one vibration mode '3' which involve 
antiparallel coupling of the displacement of point sets. The parallel coupling gives 
the complementary member of class, which is rotation R^. The mode 3 of species 
a2g is inactive in both Raman and infrared spectra. 
The class am contains only one vibration of mode Parallel with 
antiparallel coupling and its coniplement with parallel coupling being the 
translation Tz- The mode parallel of benzene represents C - H out of plane 
bending vibration, which is active only in the infrared spectrum and appears at 
671 cm"^ with strong intensity in benzene. The mode parallel gives rise to unique 
parallel band in the infrared spectrum. It is expected a narrower and stronger 
Q - branch that is found. The a2u band should be the simplest of all infrared 
bands. C - D out of plane mode is appears at 503 cm"' ' giving the product ratio 
1.34, which in agreement with calculated one that is 1.36 [11,12]. 
The trigonally symmetrical b - series contains six vibrations divided 
in pairs between three symmetry species and are designated as 6/„, big and b2u-
Two vibrations of modes 12 and 13 are of species biu and involve parallel and 
antiparallel coupling respectively. The mode 12 and 13 of benzene represents 
C - C in plane bending and C - H stretching vibrations. Both are inactive 
fundamentals and have been definitely placed by Langseth and Lord (13). 
Through consideration of deuterated benzene spectrum. 
The b2g class of the symmetry species contains two vibrations, they 
are mode 4 and 5 of benzene. The mode 4 and 5 involve parallel and antiparallel 
coupling. They are treated as C - C and C - H out of plane bending vibration 
respectively and are inactive both in the Raman and infrared spectra. 
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Mode 14 and 15 of benzene belong to species b2u and involve 
parallel and antiparallel coupling respectively, Mair and Horing [14] cited 
evidence for reassigning mode 14 from 1648 to 1310 cm""* and mode 15 from 
1110 to 1150 cm"V these vibrations are inactive both in the infrared and Raman. 
The two photon absorption at 520 nm in benzene - he and benzene - de has 
active 62« modes [15]. The two-photon hot bands then allow direct observation of 
modes 14 and 15 [16]. 
The two fold degenerate e - series contains ten vibrations and are 
divided in four classes of symmetry species, designated as eig, e2g, eiu and e2u-
The mode 10, which involves antiparallel coupling, belongs to degenerate 
species eig and represents C - H out of plane vibration. Its complement with 
parallel coupling is second member of symmetry class eig and it is theoretically a 
rotation (KJ but in the liquid state this would go over in to a rotatory vibration 
which would not normally be observed [11,12]. The species eig is active in Raman 
spectrum and gives depolarized band at 849 cm " "* in the Raman spectrum of 
CeHe and at 661 cm~^ in CeDs. The experimental and calculated product ratios 
for this vibration are 1.28 and 1.29 respectively [11,12]. 
In the class e/„ each point set gives two vibrations four coupled 
vibrations are made by parallel and antiparallel combinations on of the parallel 
combinations represents the degenerate translation Txy. The remaining three 
vibrations must be chosen to satisfy the symmetry and orthogonallity [11,12] 
mode 18, 19 and 20 belongs to the eig species. The mode 20 represent pure 
hydrogen stretching vibrations. The other two vibrations divide themselves 
roughly into a carbon vibration, mode 19 and a hydrogen vibration mode 18, but it 
is obvious from isotopic shifts, there is some mixing of these characters. The 
mode 18, 19 and 20 are infrared active fundamentals of D^,. These are identified 
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with the infrared bands of outstanding intensities at 1030, 1485 and 3099 cm~^ in 
benzene and at 813, 1333 and 2293 cm" ' ' in CeDe. The product ratio for mode 
18, 19 and 20 is found 1.91 where calculated value is 1.93. [11,12]. 
In the class e2g a single point, set contributes two vibrations and 
these must be chosen to be orthogonal to each other. The two contributions of 
each point set are made into four complete vibrations by parallel and antiparallel 
coupling. These four vibrations represents made 6, 7, 8 and 9 as shown in fig 1.3 
form of these vibrations are not uniquely determined. The real forms, if not these 
may be some orthogonal linear combinations of them determined by the force 
system. The mode 6 and 8 represents C - C in plane bending and stretching 
vibrations. Where as modes 7 and 9 represents C - H stretching and bending 
vibrations respectively. The species e^ g in Raman active giving depolarized 
Raman bands are identified with five or six fairly strong depolarized Raman lines 
if it is assumed that the pair 1585 - 1606 cm ~ ^ is a resonance doublet of 
fundamental vs = 1596 cm~^ and combination ve + vi2 = 1597 cm"*" both have 
same species e2g. The fundamental vibrations of the species a2g are assigned to 
the frequencies at 606, 1585, 1178 and 3047 cm"^ in benzene and at 577, 1559, 
867 and 2264 cm"'' in CeDe. The values of calculated and observed product ratio 
are 2.00 and 1.97 respectively. 
The class e2u contains a pair of vibrations with the normal parallel 
and antiparallel coupling representing mode 16 and 17 of benzene. They are 
treated as C - C and C - H out of plane bending, vibration respectively. The 
species e2u is forbidden in the Raman and I.R. experiments. Langseth and Lord 
[13] have assigned mode 16 to weak Raman line at 400 cm " ^ which appear in 
violation of Selution rule. Lord and Andrew [17] have given various reasons for 
assigning this frequency to mode 16. Particularly it can not be assigned to any 
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allowed difference band. This assignment was confirmed by the agreement 
obtained with it between the calculated and observed heat capacity of solid CeHe 
at low temperature [18] as well as by Workon electronic spectrum [19]. 
Vibrational modes of benzene may be further classified in terms of 
in plane and out of plane modes of vibrations [2]. The normal vibrations of the 
symmetry species vibrational modes of benzene may be further classified in 
terms of in plane and out of plane modes of vibrations. The normal vibrations of 
the symmetry species aig, a2g, e2g, biu, b2u and e/„ constitute the in plane modes 
r, = 2a,^ + a^ g + 4^2, + 26,„ + 26,,, + 3e,„ (1.49) 
and the normal vibrations of the symmetry species b2g, e/g, a2u and e2« constitute 
out of plane modes (TQ ) 
T,=2b,^+e,^+a,,+2e^, (1.50) 
Thus, in case of benzene molecule ( N = 12), there should b e 2 N - 3 = 2x 1 2 - 3 
= 21 in plane mode of vibrations and N - 3 = 12 - 3 = 9 out of plane mode of 
vibrations. There are twenty fundamental vibrations in which ten are 
non-degenerate and ten are doubly degenerate. A graphical representation of 
these normal modes of vibrations is given in figure (1.3) 
The Raman and infrared spectra of benzene have been 
investigated by large number of investigators [9 - 32]. Several normal coordinate 
analyses were made using approximate but reasonable potential functions and 
different mode of vibrations was discussed. 
In Gold and Co - workers [11,12] carried out the first 
comprehensive study of vibrational spectrum of benzene measuring the vapor 
and liquid infrared and liquid Raman. Their correlation of bands between leveled 
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molecules and comparison of liquid and vapor bands allowed a reasonable 
vibrational assignment of benzene molecule, which In large part still stands today. 
Mair and Horing [14] made a major contribution to the early 
vibrational assignment. They studied the infrared spectrum of crystalline benzene 
at 12°C - 65°C and - 170°C and studied the liquid benzene at 28°C. They 
observed directly all ungrade fundamentals. So far, the first time the frequency 
assignments of in cold et al [11,12] one confirmed except for b2u species. 
Several improvements in the quality of vibrational frequency data 
have been made by Brodersen and Langseth [23]. These investigations have 
been confirmed to only a few bands in one or two isotopic species. Daunt and 
Shurvell [24] extended the three g/„ fundamentals, vi8, vi9 and V20 in benzene — 
de. In Thakur's [25] work the accuracy of vapor phase vibrational data has been 
improved for all twelve deuterium - labeled benzene and for ^^C, ^^ CsHe and 
^^ CeHe. Many vapor phase fundamental frequencies are observed for the first 
time and isotopic frequency splitting patterns for vi , vis and vig has been 
obtained. His work [25] indicates that the rotational contour of V20 arises from a 
superposition of fundamental. V20 and a combination (vig + vi) transition in Fermi 
resonance. A Fermi resonance correction (+ 20 chn"^) has been made to the eiu 
CH mode V20 in benzene. Direct observation of the rotation less origin bands for 
the three eiu fundamental bands in benzene - he have been made by Pliva and 
co-workers [26] using difference frequency and Fourier - transform 
spectroscopy.Sunvely et al [27] confirms Pliva's value for the Coriolis constant for 
V20 of benzene he by an experiment, combining the high resolution capabilities of 
Fourier transform infrared spectroscopy with low rotational temperature of 
supersonijet recently. Hollinger and Welsh [28] made a systematic study of higher 
resolution Raman spectra of benzene - he and - de. He was able to locate the 
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rotation less symmetric (vi and V2) and e^g (ve - vg) vibrational bands with high 
accuracy. Ito and Dhta [29] hve been observed the Raman spectra of benzen, 
substituted benzene and charge transfer complex betv^ ^een benzene and 
halogen. One of the prominent feature of the pre resonance effect of benzene 
and benzene - de is a great intensity enhancement of Raman line vio (eig) by 
changing the excitation frequency from longer wave length to shorter wavelength 
one. Atkinson and Parmenter [30] have reordered the 260 nm absorption and 
spectrum of benzene. The position and intensity of most of the band maxima in 
the IB2U <-IA,g absorption system of benzene have been re measured at 300°K. 
The infrared spectra of ^^ C^^ CsHe was first measured by Broderson et al [31] in 
both liquid and vapor. 
1.5 Vibrational spectroscopy of Substituted Benzene 
Vibrational spectra of substituted benzenes were studied by many 
workers. Fox and Martin [32,33] have examined many aromatic compounds in 
the 3000 cm " ^ region using the high dispersion of a lithium fluoride prism 
including poly-cyclic materials such as naphthalene and quinoline. 
Raman spectra of benzene and substituted benzenes reported 
earlier were recorded with the old conventional method using a low pressure 
mercury discharge lamp. This device produces a number of intense lines of which 
those at 4358A° and 5641A° are particularly useful. The major problem with the 
early discharge sources was line with and continuum between the intense 
discharge lines with the discovery of laser source. These draw backs were 
removed. The primary advantage of the laser source over the discharge lamp are 
the lack of continuum away from the laser emission and the single intense line 
using a continuous laser, photo electric recording of Raman spectra is an obvious 
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development. Leite and Porto were the first to achieve this when, in 1963 & 1964. 
They recorded excellent Raman spectra from benzene placed in a cell with in the 
laser cavity. Porto and his coworkers used the excellent dirational and 
polarization properties of the laser which were put to use a early as 1864 when 
Leite, Moore and Porto achieved accurate depolarization ratios on CS2, CeHe, 
C6H5CH3 and other molecules. 
In most of the studies of the vibrational spectra of substituted 
benzenes, effects of the substituent have been investigated various type of 
substituent in a portion of the molecule due to substituent alters the form as well 
as the frequency of vibration. The frequencies decreases with the increase in the 
mass of the central atom. Mass effects may be employed as confirmatory 
evidence for assignments by use of isotopes. Mass configuration is an important 
factor in determining rotational isomerism about a C - C single bond. In general, 
there is no free rotation about a C - C single bond and it is possible to study the 
inter conversion of rotational isomers by infrared spectroscopy. Rotational 
isomers are spectroscopically distinguishable because of different normal 
frequencies resulting from the different mass configuration. 
Any charge in the electronic distribution of a bond affects its force 
constant and therefore the vibrational frequency. Electrical effects can be from 
external or internal influences. The dielectric constant of shorter hydrogen 
bonding and the electric field in a crystal are examples of external influence. The 
effects of electro negativities of neighboring groups in the molecule are examples 
of internal influences. 
There is a wide verity of intra molecular interactions that effects 
infrared group frequencies and band intensities. The important intra molecular 
factors are mass effects, electrical effects (inductive and resonance effect), 
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hydrogen bonding, symmetry, configuration, bond angle strain, field effects and 
vibrational coupling effects. 
intermolecular interactions (with the exception of hydrogen bonding) 
are usually associated with weaker electrical forces, than intra molecular 
interactions. The vibrational modes and frequencies are not affected greatly when 
molecules in the vapor phase are condensed to the liquid or solid state if 
hydrogen and similar effects are not present. 
In the case of substituted benzenes the symmetry of the molecules 
are lowered due to the substitutions, most of the derivatives of benzene can be 
placed under two symmetry group Qv and G. The lower symmetries applicable to 
the molecule are the results of lowering of the high symmetry Deh by substitution. 
According to group theory, these lower symmetry groups are such groups of Deh 
point group and certain symmetry types in D6h correspond to certain type in C2v 
and certain other types in G. 
The spectra reported in the present thesis is interpreted along these 
lines and their main features are found in conformity with the above 
characteristics. There are, however, violations, which are mainly due to the fact 
that the molecules usually belong to a symmetry group lower than that assumed 
for them. As a result the selection rules governing the appearance of vibrations 
are not rigorously obeyed. This has been discussed at proper place in the thesis. 
1.6 Vibrational spectra of Steroids 
Steroids and triterperoids from an ideal family of compounds for 
infrared study, since they provides a large group of closely related substances 
containing a fairly rigid fused ring system of established absolute configuration 
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and differing only in the nature and position of a few relatively non polar 
substituent. 
This is the largest class of organic compounds for which a wealth of 
information has been accumulated in the literature [34]. The earlier work on the 
infrared absorption of steroids has been excellently reviewed by Jones and 
Dobriner [35], Cole [36], Jones and Herling [37], and Jones and Sandorfy [38]. 
The basic steroidal skeleton consists of a perhydrocy clopenten 
ophenanthrene ring system (Fig 1.4). The conventional numbering of carbon 
atoms and letter designation for the rings have been shown in figure (1.4). 
The steroid nucleus represented by (fig 1.4) is a fairly flat structure 
and is planar. Groups attached to the nucleus which are above the plane of the 
ring system and on the same side as the angular methyl group at C - 10 are 
called p and the bonds joining them to the nucleus are drawn as heavy lines. 
Groups below the plane of the ring system are called a and the bonds are drawn 
as dotted lines [34]. 
It is a well established fact that the stereochemistry in the 5a-
steroids is a series of trans relationships between substituents at adjacent ring 
junctions along the backbone of the molecule (C-5-10-9-8-14-13). In the 5p-
series (normal series) the relationship between C - 5 and C- 10 is cis and the 
rest, C-10-9-8-14-13, is trans. Based on the concept of conformation of the 
cyclohexane ring the confirmations of A/B cis and A/B trans steroid molecule 
have been represented as (fig 1.5 a) and (fig 1.5 b). Thus, in the representation a 
p-bond projects above an a-bond at each carbon atom. These stereo-chemical 
concepts are of some importance for the interpretation of the infrared spectra of 
steroids. Since the infrared spectrum of a steroid is highly characteristic, the 
identity of two steroids can be confirmed by comparison of their spectra. The 
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spectra of stereo-isomers of steroids (a or p) show important and often large 
differences which help to distinguish the two isomers. Poly-morphic steroids yield 
identical spectra in solution but show differences in the solid-state spectra [39] 
and for this reason it is advisable to record the spectra in dilute solutions of non-
polar solvents. 
Most of the infrared work on the steroids has been concerned with 
the identification "of hydroxyl and carbonyl groups, and ethylenic double bond 
locates at different positions of the steroid nucleus. Considerable information is 
available on the spectra-structure correlations of steroids [40,41]. In the present 
thesis, some important correlations are briefly summarized in case of some new 
steroids. 
1.7 Thermodynamic functions 
1.7.1 Introduction 
The computation of thermodynamic functions appear to the one of 
the most important application of infrared and laser Raman spectra of the 
complex molecules from the vibrational data obtained from the spectra, Tolman 
[42] and Badeger [43] first suggested that It is quite possible to calculate the 
contribution of the Vibrational energy to the total energy possessed by a 
molecule, from the molecular data obtained from the spectra and to predict the 
values of thermodynamic quantities, such as the heat capacity, free energy, zero 
point energy of a molecule with great precision. This possibility is of great 
importance, particularly since the direct experimental measurement of these 
quantities is usually difficult and tedious and some time impossible, and the 
values calculated from spectroscopy data are more accurate than those 
determined by direct thermal measurements. The Vibrational contribution to 
thermodynamic functions such as heat constant, heat capacity, entropy, enthalpy. 
temperature range 100 - 1500 °K. An average value between the infrared and 
Raman frequencies was used if these differed. 
1.7.2 Theoretical Consideration 
According to the Maxwell - Boltzmann Law, in thermal equilibrium 
the number of atoms or molecules Nn in a state of total energy E„ and of total 
statistical weight g„ is proportional to 
g„ /^^ ) (1.51) 
Where, k is Boltzmann's constant and T is the absolute temperature in degree 
Kelvin. The total number of molecules 'N„' a given volume is therefore 
proportional to 
e=S^y'^^^ (1-52) 
With the same proportionality factor. Here, the quantity Q is the partition function 
and all the thermodynamic quantities can be expressed in terms of it. 
Since, the total energy of a molecule is the sum of translation, rotational. 
Vibrational and electronic energy 
e„=e^+e„,+G„,+e,fe, (1.53) 
Therefore, the total partition function, as related to the energy by an exponential 
function can be written as the product of the individual partition function 
Q^Qtr+Qrot+Qy.,>+QeUc (1.54) 
Where the subscripts tr. rot, vib and elec stands for translation, rotational, 
vibrational and electronic respectively. 
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If we neglect the harmonicities and the interaction between 
Vibration and rotation and electronic contribution to the energy, then the 
Vibrational contribution to the partition function (Q^,b) becomes 
= Z 
[-(..J.),..-./ (1.55) 
where, g, is unity. 
The equation (1.55) can be simplified to give 
e„. = e 
'-hv'^^ 
2kT 
1 
Jiv'/ 
( 1 
\-e 
(1.56) 
Where, 
h v' hvc 
X -
kT kT 
(1.57) 
hvc V 
For numerical calculations it is convenient to note that = 1.439 — 
kT T 
V = Vibrational frequency in wave number, and T is the temperature in Kelvin. 
If the partition function Q^,,, is known, we can calculate the vibrational contribution 
to heat constant (i/°), heat capacity (c;„), entropy [sl], free energy (F,,") and 
enthalpy Jvtb 
T 
H° = Rt-
by simple differentiation and can be written as 
dT 
RTx Rhvc 
—+ • e'~-\ 2k (1.58) 
45 
But term Rhvc 
2k 
is the zero point energy f" , , i.e 
0 _ ^hvc xRT 
2k 
^'"^^^^ 
(1.59) 
J. 
d{lnQj 
dT 
Rx^e' (1.60) 
dT 
e^  - 1 ^ ^ 
(1.61) 
F° ^-Rln{Q,,„) 
= Rln{^-e-') (1.62) 
In the harmonic oscillator approximation O^b is a product of terms 
due to different normal vibrations, therefore exact vibrational contribution to 
thermodynamic quantities are sums of terms due to different normal vibrations [1] 
and are 
^0 ^ Rhc y d,w,e ^'^"'^ 
'' K ^—J -VI he/ 
C = R ^kT 
d,w, e Z T ^ 
2^ / («•) 
y / w he/ 
1 - e ' ( * ' ' • ) 
\ 2 
(1.63) 
(1.64) 
S° = - i ? ^ d, In 
-w,hc, \ 
1 - ^ ' t^^O he ^ J.w.e /f"' 
T 
= -Rj^d,ln 
kT'r . 
I — < 
-who/ ^ 
/(kr) 
he/ 
/(k-l 
whc/ 
/(kT) 
(1.65) 
(1.66) 
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Where d, is the degree of degeneracy of the vibration w, 
The above introduction gives the primary background to understand 
the vibrational spectra of complex organic compounds. Application of these ideas 
has been made to analyze the different vibrational frequencies obtained in the 
infrared and Laser Raman spectra. Vibrations obtained indicate the symmetry 
and nature of the organic molecules. These molecular vibrations will further be 
used in explaining the electronic spectra of the studied complex organic 
compounds. Symmetry of the normal vibrations will be helpful in solving the exact 
structure and symmetry of these compounds, which is the main object of the 
present research work. 
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Chapter - II 
INFRARED SPECTRA OF STEROIDAL 
TETRAZINES 
2.1 Introduction 
Steroids were first developed in 1930's. The Germans first experimented 
on dogs then on their own soldiers in the Second World War, as well as then on 
their prisoners to help them stay healthy [1]. Then in 1950's many Russian and 
European athletes began to find that steroids were very beneficial to their goal. A 
decade later steroids were used in medicine, as steroids are medicinal compound 
exhibiting a lot of potentialities to form other complicated organic compounds, 
which are more useful in the complex diseases. Infrared spectra of steroids are 
complex due to the fact that its structure is not a simple and uniform one. We 
have to analyse the infrared spectra by indirect methods namely, selecting the 
known fundamentals and combination of these fundamentals. Most of the time, 
these fundamentals and combinations explain the occurrence of interaction 
vibrations, hydrogen-bonding vibrations and other conformation vibrations. These 
complicated vibrations should be very carefully identified on the basis of their 
intensities, their occurrence with various fundamentals and their approximate 
magnitudes. Intensity of the infrared band is a major factor to conclude about 
their nature, whether this is a fundamental mode or a combination mode. 
However, the intensity is not always the sole criterion to judge the nature of the 
molecular vibration. Taking into account the above considerations, we have 
undertaken the vibrational analysis of complicated steroids, which throws the 
greater light on the molecular structure of steroids and their complications in 
influencing their infrared spectra. 
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2.2 Experimental Technique 
The derivatives of tetrazine have been prepared with the help of the group 
lead by Prof. & Head Shafiullah, Steroidal Research Laboratory, Department of 
Chemistry, A.M.U Aligarh [2], and these compounds V\/ere use as such to record 
the infrared spectra using pellet technique. It is unique technique for the study of 
the spectra of solid. The method involves mixing a fine powder of the sample with 
a suitable matrix material and pressing the mixture in to a transparent disc. The 
matrix material must be pure and dry and should not give rise to bands due to 
impurities. The choice of matrix material depends up on several factors, high 
transmittance through out the spectral range of interest, low sintering pressure, 
availability in highly pure and non hygroscopic state, stability and refractive index. 
Potassium bromide (KBr) has been found to be the best matrix material down to 
400 cm" \ Therefore, these compounds were used as such with KBr in the form 
of a circular disc to record the infrared spectra. 
Infrared spectra were recorded on Perkin-Elmer model - 237 infrared 
spectrophotometer. The essential components of a spectrophotometer are 
source of radiation, monochromator, detector and a recorder. When the energy of 
the sample cells is the same, the detector does not produce any signal. If the 
sample absorbs radiation, there will be inequality in the two transmitted beams 
and a pulsating electrical signal is produced. The frequency of the beam splitting 
by the sector mirror. The signal is then amplified and rectified and used to move 
the attenuator, which cuts down the amount of transmitted radiation from the 
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reference beam until the energy balance between the reference and sample 
beams is restored. By synchronizing the attenuator with the pen of the recorder, 
one obtains a pen trace of the absorption spectrum of the sample. The 
appearance of the spectra is quite good and sharp. 
Five infrared spectra are being reported here. They have been 
reproduced in the separate sheet of paper. Vibrational frequencies have been 
reported with the accuracy of ± 5cm"V All infrared spectra have been 
recorded in the region 600-4000 cm"\ Visual estimates of the intensities have 
been given in the visual scale of 1 to 10. About 35 to 60 bands have been 
obtained in each infrared spectrum. 
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2.3 Structural Formula 
Fig 2.1 
Where X = H, cl, Br, 1 or OAc 
(i)- 6'(7' H)-oxo spiro [5a - cholestan] 6,3'(4'HH2H] Thiazolo [3, 2-b] - 5 - tetrazine. 
(or) [C6 - SPT] 
(ii)- 6'(7' H)-oxo spiro [3a- Chloro-5a - cholestan] 6,3'(4'H)-[2H] Thiazolo [3, 2-b] - 5 -
tetrazine 
(or) [C6 - Chloro SPT] 
(iii)- 6'(7' H)-oxo spiro [3a- Bromo-5a - cholestan] 6,3'(4'H)-[2H] Thiazolo [3, 2-b] - 5 -
tetrazine 
(or) [C6 - Bromo SPT] 
(iv)- 6'(7' H)-oxo spiro [3a- lodo-5a - cholestan] 6,3'(4'H)-[2H] Thiazolo [3, 2-b] - 5 -
tetrazine 
(or) [C6 - lodo SPT] 
(v)- 6'(7' H)-oxo spiro [3a- acetoxy-5a - cholestan] 6,3'(4'H)-[2H] Thiazolo [3, 2-b] - 5 
tetrazine 
(or) [C6 - Acetoxy SPT] 
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Table - 2.1 Observed Infrared frequencies for 6'(7' H)-oxo Spiro [5a 
cholestan] 6,3'(4'H)- [2H Thiazolo [3, 2-b] - 5 - tetrazlne. 
I.R. Frequency 
(in cm" )^ 
685 
705 
730 
750 
1065 
1120 
1140 
1205 
1240 
1260 
1305 
1370 
1385 
1435 
1470 
1630 
1760 
1795 
2070 
2100 
2130 
2240 
2500 
2880 
2940 
2955 
3080 
3100 
3140 
3260 
3440 
3570 
3630 
3640 
3890 
Int. 
5.8 
6.5 
6.7 
5.9 
6.7 
3.4 
5.8 
6.4 
6.1 
6.3 
4.2 
4.2 
3.6 
3.3 
2.7 
3.2 
6.6 
6.8 
6.9 
6.8 
6.7 
6.5 
6.4 
1.3 
0.7 
0.8 
3.8 
3.7 
3.2 
3.9 
5.5 
6.8 
6.1 
6.1 
6.0 
Species 
a' 
a" 
a" 
a" 
a" 
a' 
a' 
a' 
a' 
a' 
a' 
a" 
a" 
A', A" 
a" 
a' 
a' 
A' 
A" 
A' 
A' 
A' 
A' 
a' 
A' 
a" 
a' 
A" 
a' 
A' 
a' 
A' 
A" 
A" 
A" 
Assignment 
C - S stretching 
C - H bending o.o.p 
C - H bending o.o.p 
C - H bending o.o.p 
C - CH3 rocking 
C - H bending i.p 
C - H bending i.p 
C - H bending i.p 
C - H bending i.p 
C - N stretching 
C - H bending i.p 
angular methyl group between a five 
& a six membered ring CIB 
angular methyl group between two 
six membered rings C10 
(705 + 730), (685 + 750) 
CH3 out of phase deformation 
C = N linkage 
C = 0 stretching 
(730+ 1065) 
(685+ 1385) 
(730 + 1370) 
(2x1065) 
(1120 + 1140) 
(1240 + 1260) 
CH3 in phase stretching 
(2 X 1470) 
CH3 out of phase stretching 
C - H stretching 
(1470+ 1630) 
C - H stretching 
(2 X 1630) 
N - H stretching 
(2880 + 685) 
(750 + 2880) 
(685 + 2955) 
(750 + 3140) 
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Table - 2.2 Observed Infrared frequencies for 6'(7' H)-oxo Spiro [3(3 
chloro - 5a-cholestan] 6,3'(4'HH2H] Thiazolo [3, 2-b] 
- 5 - tetrazine. 
I.R. Frequency 
(in cm'^) 
620 
700 
720 
730 
750 
765 
1060 
1080 
1110 
1150 
1210 
1240 
1260 
1310 
1340 
1375 
1380 
1390 
1450 
1470 
1500 
1610 
1680 
1730 
1760 
1810 
1825 
1880 
1960 
1990 
2040 
2110 
2200 
2420 
2640 
2720 
2850 
2870 
2920 
2960 
3035 
3100 
3420 
3620 
3660 
Int. 
6.4 
5.6 
6.4 
6.4 
5.8 
5.6 
6.5 
5.3 
5.3 
5.8 
6.5 
6.3 
6.2 
6.2 
5.4 
5.0 
5.7 
4.6 
3.7 
3.1 
6.0 
1.0 
2.0 
4.3 
5.1 
5.3 
5.3 
5.4 
5.4 
5.3 
5.2 
5.3 
5.2 
5.1 
5.0 
4.7 
2.6 
2.2 
2.0 
1.5 
4.1 
3.6 
4.2 
4.8 
4.8 
Species 
a' 
a' 
a" 
a" 
a" 
a" 
a" 
a' 
a' 
a' 
a' 
a' 
a' 
a' 
A" 
a" 
a" 
a" 
A', A" 
a" 
A' 
a' 
A' 
a' 
A' 
A', A", A" 
A' 
A", A' 
A', A', A" 
A", A" 
A" 
A', A' 
A' 
A', A' 
A" 
A' 
A' 
a' 
A' 
a" 
a' 
a' 
a' 
A" 
A" 
Assignment 
C - CI axial stretching 
C - S stretching 
C - H bending o.o.p 
C - H bending o.o.p 
C - CI equatorial stretching 
C - H bending o.o.p 
C - CH3 rocl<ing 
C - H bending i.p 
C - H bending i.p 
C - H bending i.p 
C - H bending i.p 
C - H bending i.p 
C - N stretching 
C - H bending i.p 
(620 + 720) 
angular methyl group between a five 
& a six membered ring C18 
side chain methyl group 
angular methyl group between two 
six membered rings C10 
(705 + 730), (700 + 750) 
CH3 out of phase deformation 
(2 X 750) 
C = N linkage 
(620+ 1060) 
C = 0 stretching 
(700+ 1060) 
(700+1110),(730+1080),(1060+750) 
(765+ 1060) 
(730+1150),(620+1260) 
(700+1260), (720+1240), (1210+750) 
(700 + 1260),(1240 + 750) 
(700 + 1310) 
(720+1390),(730+1380) 
(730+17470) 
(2x 1210), (1110+ 1310) 
(1260+1380) 
(1110+ 1610) 
(1380 + 1470) 
CH3 in phase stretching 
(1310+ 1610) 
CH3 out of phase stretching 
C - H stretching 
C - H stretching 
N - H stretching 
(750 + 2870) 
(700 + 2960) 
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Table - 2.3 Observed Infrared frequencies for 6'(7' H)-oxo Spiro [3(3 
Bromo - 5a-cholestan] 6,3'(4'HH2H] Thiazolo [3, 2-b] 
- 5 - tetrazine. 
I.R. Frequency 
(in cm"^) 
650 
700 
705 
720 
750 
770 
1060 
1075 
1115 
1145 
1210 
1225 
1265 
1315 
1365 
1390 
1480 
1615 
1730 
1845 
1930 
1970 
1995 
2020 
2040 
2140 
2160 
2180 
2300 
2460 
2540 
2680 
2860 
2940 
2970 
2980 
3040 
3090 
3120 
3150 
3210 
3430 
3460 
3500 
3620 
3660 
3720 
3790 
3920 
Int. 
7.5 
7.5 
7.4 
7.3 
7.3 
7.1 
6.4 
6.1 
2.8 
5.9 
4.4 
2.9 
4.4 
5.8 
3.6 
1.5 
5.3 
0.3 
1.1 
8.5 
8.2 
7.9 
7.8 
7.6 
7.5 
7.0 
7.1 
7.0 
6.5 
6.2 
5.8 
5.5 
4.6 
3.8 
4.4 
4.3 
4.5 
4.3 
3.9 
3.5 
2.8 
4.3 
4.3 
4.2 
4.8 
5.1 
5.1 
4.9 
4.8 
Species 
a' 
a' 
a" 
a" 
a" 
a" 
a" 
a' 
a' 
a' 
a' 
a' 
a' 
a' 
a" 
a" 
a" 
a' 
a' 
A', A" 
A", A" 
A" 
A" 
A" 
A" 
A' 
A' 
A" 
A' 
A' 
A', A' 
A" 
a' 
a" 
a' 
A" 
a' 
a' 
a' 
a' 
A" 
a' 
A" 
A" 
A" 
A' 
A' 
A', A" 
A", A" 
Assignment 
C - Br stretching axial 
C - S stretching 
C - H bending o.o.p 
C - Br stretching equatorial 
C - H bending o.o.p 
C - H bending o.o.p 
C - CH3 rocking 
C - H bending i.p 
C - H bending i.p 
C - H bending i.p 
C - H bending i.p 
C - H bending i.p 
C - N stretching 
C - H bending i.p 
angular methyl group between a five 
& a six membered ring Ci8 
angular methyl group between two 
six membered rings Cio 
CH3 out of phase deformation 
C = N linkage 
C = 0 stretching 
(700+1145), (770+1075) 
(705 + 1225), (720+1210) 
(705 + 1265) 
(770 + 1225) 
(705+1315) 
(650 + 1390) 
(750 + 1390) 
(770+1390) 
(700 + 1480) 
(1075+1225) 
(1145+ 1315) 
(1060 + 1480), (1225 + 1315) 
(1315 + 1365) 
CH3 in phase stretching 
CH2 asy,stretching 
CH3 out of phase stretching 
(1365 + 1615) 
C - H stretching 
C - H stretching 
C - H stretching 
C - H stretching 
(1480 + 1730) 
N - H stretching 
(2x 1730) 
(1730 + 770) 
(650 + 2970) 
(720 + 2940) 
(750 + 2970) 
(700 + 3090), (750 + 3040) 
(770+ 3150), (1060+ 1860) 
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Table - 2.4 Observed Infrared frequencies for 6'(7' H)-oxo Spiro [3p - iodo 
- 5a- cholestan] 6,3'(4'H)-[2H] Thiazolo [3, 2-b] - 5 - tetrazine. 
I.R. Frequency 
(in cm" )^ 
670 
700 
710 
735 
780 
1065 
1080 
1105 
1140 
1195 
1240 
1260 
1305 
1375 
1390 
1405 
1470 
1515 
1560 
1640 
1735 
1750 
1775 
1780 
1865 
1895 
2040 
2080 
2140 
2170 
2185 
2220 
2250 
2310 
2350 
2380 
2480 
2490 
2720 
2780 
2875 
2920 
2945 
Int. 
6.5 
6.3 
6.6 
6.5 
6.0 
4.2 
4.1 
4.1 
4.3 
4.7 
4.6 
4.7 
5.6 
5.8 
4.4 
5.0 
5.2 
6.1 
5.8 
3.4 
4.1 
4.8 
6.1 
6.3 
6.4 
6.3 
6.1 
6.2 
6.2 
6.0 
6.1 
6.0 
6.0 
5.8 
5.9 
5.8 
5.8 
5.8 
5.4 
5.4 
2.8 
2.4 
1.8 
Species 
a' 
a' 
a" 
a" 
a" 
a" 
a' 
a' 
a' 
a' 
a' 
a' 
a' 
a" 
a" 
A" 
a" 
A' 
A' 
a' 
A" 
A' 
A', A' 
a' 
A' 
A' 
A" 
A", A' 
A" 
A" 
A' 
A' 
A' 
A' 
A" 
A' 
A' 
A" 
A' 
A' 
a' 
A' 
a" 
Assignment 
C - 1 stretching 
C - S stretching 
C - H bending o.o.p 
C - H bending o.o.p 
C - H bending o.o.p 
C - CH3 rocking 
C - H bending i.p 
C - H bending i.p 
C - H bending i.p 
C - H bending i.p 
C - H bending i.p 
C - N stretching 
C - H bending i.p 
angular methyl group between a five 
& a six membered ring Cis 
angular methyl group between two 
six membered rings Cio 
(670 + 735) 
CH3 out of phase deformation 
(735 + 780) 
(2 X 780) 
C = 0 Linkage 
(670+ 1065) 
(670+ 1080) 
(670+ 1105), (710+ 1065) 
C = 0 stretching 
(670+ 1195) 
(700 + 1195) 
(735+ 1305) 
(780+ 1260), (710+ 1375) 
(670 + 1470) 
(700 + 1470) 
(1080 + 1105) 
(1080+ 1140) 
(780 + 1470) 
(670 +1640) 
(710+ 1640) 
(1140+ 1240) 
(2x1240) 
(1105+ 1390) 
(1080+ 1640) 
(1140+ 1640) 
CH3 in phase stretching 
(1140+ 1780) 
CH2 asy, stretching 
Cont. 
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Cont... Table no: - 4 
I.R. Frequency 
(in cm" )^ 
2960 
3015 
3025 
3125 
3170 
3250 
3420 
3440 
3610 
3740 
3790 
3840 
Int. 
1.4 
4.3 
4.7 
5.0 
5.1 
4.8 
4.7 
4.6 
5.2 
5.5 
5.7 
5.4 
Species 
a" 
a' 
a' 
a' 
A" 
A' 
a' 
a' 
A" 
A' 
A" 
A" 
Assignment 
CH3 out of phase stretching 
C - H stretching 
C - H stretching 
C - H stretching 
(1390+ 1780) 
(1470 + 1780) 
N - H stretching 
N - H stretching 
(735 + 2875) 
(780 + 2960) 
(780 + 3015) 
(710 + 3125) 
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Fig 2.6 Infrared spectra of [C6 - Acetoxy SPT] 
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Table - 2.5 Observed Infrared frequencies for 6'(7' H)-oxo Spiro [3p 
acetoxy - 6a-cholestan] 6,3'{4'H)-[2H] Thiazolo [3, 2-b] 
- 5 - tetrazine. 
I.R. Frequency 
(in cm"^) 
695 
710 
730 
770 
1065 
1085 
1110 
1145 
1180 
1220 
1260 
1310 
1340 
1375 
Int. 
4.5 
2.6 
4.5 
2.8 
3.2 
2.1 
2.0 
3.8 
3.1 
3.7 
0.0 
3.3 
3.2 
1.1 
Species Assignment 
1385 
1470 
1610 
1730 
1775 
1910 
1950 
2020 
2180 
2290 
2440 
2460 
2500 
2520 
2560 
2780 
2870 
2940 
2960 
3040 
3080 
3110 
3140 
3200 
3430 
3600 
3640 
0.7 
0.8 
1.1 
0.2 
3.1 
5.7 
5.8 
5.8 
5.7 
5.8 
5.7 
5.6 
5.6 
5.5 
5.5 
4.9 
0.5 
0.2 
0.0 
2.5 
2.2 
2.1 
2.0 
1.9 
3.1 
4.3 
4.6 
a' 
a" 
a" 
a" 
a" 
a' 
a' 
a' 
a' 
a' 
a' 
a' 
a' 
a" 
a" 
a" 
a' 
a' 
a' 
A" 
A" 
A" 
A' 
A' 
A', A' 
A', A" 
A' 
A", A', A' 
A' 
A" 
a' 
a" 
a" 
a' 
a' 
a' 
a' 
A' 
a' 
A" 
A" 
C - S stretching 
C - H bending o.o.p 
C - H bending o.o.p 
C - H bending o.o.p 
C - CH3 rocking 
C - H bending i.p 
C - H bending i.p 
C - H bending i.p 
C - H bending i.p 
C - H bending i.p 
C - N stretcining 
C - H bending i.p 
C = 0 stretching 
angular methyl group between a five 
& a six membered ring C18 
angular methyl group between two 
six membered rings C10 
CH3 out of phase deformation 
C = N linkage 
carbonyl stretching in between 
acetoxy group and a six membered ring 
C = 0 stretching 
(730+ 1180) 
(770+ 1180) 
(710+ 1310) 
(710+ 1470) 
(1110+ 1180) 
(710 + 1730), (2 X 1220) 
(730+ 1730), (1085+ 1375) 
(770+ 1730) 
(1145+ 1375), (1340+ 1180) 
(1220+ 1260) 
(1220+ 1340) 
(1310+ 1470) 
CH3 in phase stretching 
CH2 asy, stretching 
CH3 out of phase stretching 
C - H stretching 
C - H stretching 
C - H stretching 
C - H stretching 
(1470+ 1730) 
N - H stretching 
(730 + 2870) 
(770 + 2870) 
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2.4 Results and Discussion 
Chloro, Bromo, lodo, and acetate derivatives of C 6 - Spiro - steroidal 
tetrazines have been reproduced in the form of their molecular structure contains 
various rings and their association with various molecular bonds. H in the position 
of 3(3 has been replaced by Chlorine, Bromine, Iodine and acetate group. All the 
four derivatives and the parent molecule belong to Cs point group because there 
is only one plane of symmetry i.e. plane of molecule. 
There will be only two types of vibrations that are a'(planer) and a " (none 
planer). The observed fundamental frequencies and probable assignments are 
presented in table 2.1 to 2.5. 
C- H Stretching vibrations 
Since the overlap of absorption bands is appreciable in this region 
(3000-2850 cm""") little information of structural interest can be obtained from the 
C - H stretching vibrations of methyl and methylene groups in steroids. The C-H 
bonds attached to unsaturated groups are however, readily distinguished by their 
high stretching frequencies (>3000 cm'"') The bands, observed at 3080, 3140 cm" 
^ in (C6 -SPT), 3035, 3100 cm-\ in (Chloro C6 -SPT), 3040, 3090, 3120, 3150, 
cm"^  in (Bromo C6 -SPT), 3015, 3025, 3125, cm-"" in (lodo C6 -SPT), 3040, 3080, 
3110, 3140, cm""" in (Acetoxy C6 -SPT), have been assigned to C-H stretching 
vibrations. These assignments agree very well with C. N. Rao [3]. 
C-H bending vibrations 
C-H bending vibrational frequencies normally appears in the range (1100-
ISOOcm-^ ) for in plane C-H bending frequencies and (700-800 cm"') for out of 
plane C-H bending vibrations. The bands, observed at 705, 730, 750 cm"^  in (C6 -
SPT), 705, 750, 770, cm"^  in (Chloro C6 -SPT), 705, 750, 770, cm"^  in (Bromo C6 
-SPT), 710, 735, 780, om'^  in (lodo C6 -SPT), and 710, 720, 770, cm"^  in 
- 6 6 -
(Acetoxy C6 -SPT), have been assigned to C-H out of plane bending vibrations. 
The bands, observed at 1120, 1140, 1205, 1240, 1305 cm"^  in (C6 -SPT), 1080, 
1110, 1150, 1210, 1240, 1310, cm"^  in (Chloro C6 -SPT), 1075, 1115, 1145, 
1210, 1225, 1315, cm"^  in (Bromo C6 -SPT), 1080, 1105, 1140, 1195, 1240, 
1305, cm''' in (lodo C6 -SPT), and 1085, 1110, 1145, 1180, 1220, 1310, cm"^  
in (Acetoxy C6 -SPT), have been assigned to C-H in plane bending vibrations. 
A. R.H. Cole et. al [4,5,6], suggested angular methyl group bending 
vibrations for the methyl group in between two six membered rings (Cio) and in 
between a five and a six membered rings (Cis) with in the region (1374-1392) cm" 
^ and (1372-1383) cm'"" respectively. The bands observed at 1385, 1370 cm'"' in 
(C6 -SPT), 1380, 1375, cm"^  in (Chloro C6 -SPT), 1390, 1365, cm"^  in (Bromo C6 
-SPT), 1390, 1375, cm"^  in (lodo C6 -SPT), and 1385, 1375, cm"'' in (Acetoxy C6 -
SPT), have been assigned for angular methyl bending vibrations methyl group in 
between two six membered rings and in between five and six membered rings 
respectively. 
C - X stretching vibrations (X = CI, Br, I and OAc) 
In the steroidal series a limited number of compounds have been studied, 
and the results indicate that equatorial substitution leads to bends in the (750 -
700 cm"^ ) region, where as axial substitution results in absorption in the (590 -
690 cm"'') range[7]. The bands observed at 650cm"'' and 720 cm"^  have been 
assigned to axial C - Br stretching and equatorial C-Br stretching vibrations in 
(Bromo 06 -SPT) respectively. 
Axial C-CI stretching vibrations and equatorial C-CI stretching have been 
observed at 620 cm"^  and 750 cm"^  respectively in (Chloro C6 -SPT). Barton et. 
al.[8], has suggested these vibrations near 617 cm"^  and 750 cm -' respectively. 
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Barton, Page, and Shoppee[8], suggested C-l stretching vibrations at 672 
cm'^ for lodo- steroidal. The band observed at 670 cm'^ in (lodo C6 -SPT). has 
been assigned to C-l stretching vibration. 
C- S stretching vibrations 
The C-S stretching vibration normally appears in the infrared as a weak 
absorption in the range[9], (700-600 cm'''). The bands observed at 685 cm'\ in 
(C6 -SPT), 700 cm-\ in (Chloro C6 -SPT), 700 cm"\ in (Bromo C6 -SPT), 700 
cm'\ in (lodo C6 -SPT), and 695 cm"\ in (Acetoxy C6 -SPT) have been 
assigned to C-S stretching vibrations. 
N- Hstretching vibrations 
C. N. Rao[3] and L. J. Bellamy[9], have suggested that N-H stretching 
vibrations occur in the region (3450-3400 cm ' ^ In accordance with their 
conclusions, the bands observed at 3440 cm'"" in (C6 -SPT), 3420 cm'"" in 
(Chloro C6 -SPT), 3440 cm"^  in (Bromo C6 -SPT), 3420, 3440, cm"^  in (lodo C6 
-SPT), and 3430 cm'"* in (Acetoxy C6 -SPT) have been assigned to N-H 
stretching vibrations. 
C = 0 stretching vibrations 
Jones et. al.[10,11,12], reported C=0 stretching vibrations in five 
membered rings for steroids at (1780-1778 cm'"'). The observed band at 1760 cm' 
' in (C6 -SPT), 1730 cm-"" in (Chloro C6 -SPT), 1730 cm'"" in (Bromo C6 -SPT), 
1780 cm'^ in (lodo C6 -SPT), and 1775 cm -' in (Acetoxy C6 -SPT) have been 
assigned as C=0 stretching vibrations in five membered ring. 
C-Nstretching vibrations 
As Hadzi etal. [13] and Lieber ef.a/.[14],have suggested C-N stretching 
vibrations around 1260 cm'\ We observed C-N stretching vibrations at 1260 cm'^  
in (C6 -SPT), 1260 cm'^in (Chloro C6 -SPT), 1265 cm'^ in (Bromo C6 -SPT), 
- 6 8 -
1260 cm"^  in (lodo C6 -SPT), and 1260 cm"^  in (Acetoxy C6 -SPT) have 
correlation with the given assignment. 
C- N Linkage 
Lieber et. a/.[14] reported a number of C=N conjugated ring compounds 
and observed a strong absorption at 1626 cm"\ which they assigned to the C=N 
linkage vibration. The bands observed at 1630 cm'^  in (C6 -SPT), 1610 cm"^  in 
(Chioro C6 -SPT), 1615 cm-"" in (Bromo C6 -SPT), 1640 cm"^  in (lodo C6 -SPT), 
and 1610 cm""" in (Acetoxy C6 -SPT) have been assigned to C=N linkage 
frequencies. 
2.5 Thermodynamic Functions 
The thermodynamic functions of pyridine, benzene derivatives, p -
Fluorobenzyl Alcohol, 2,3 - dimetoxy toluene, Trifluoromethylbenzoyl Chlorides, 
6 - azauracil, 5 - lodourcil, 6 - methyl-uracil, bio - molecules, have been the 
subject of many investigators[15-22], as the thermodynamical properties of a 
molecule may be computed more accurately than measured, using fundamental 
frequencies of a molecule, therefore, it was considered worthwhile to study the 
thermodynamic properties or series of C - 6 spiro steroidal tetrazines. The ideal 
gas state thermodynamic functions are computed in the temperature range 100 -
1500 K utilizing the spectroscopic data given in table 2.1 to 2.5. The numerical 
values for the thermodynamic functions in ideal gas state as given in tables 
2.6 to 2.10 are computed as described eariier [23,24,25]. 
Vibrational assignments of such complicated molecules have been 
performed by taking the help of similar vibrations observed in similar molecules. 
These studies will be helpful to identify ground state vibrations of the above 
steroids. In the electronic spectra of the steroids, excited state vibrations can be 
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confirmed with the help of ground state vibrations observed in the infrared 
spectra of the same molecules. 
Table 2.6 - Calculated values of thermodynamic functions of 
6'(7' H)-oxo spiro [5a - cholestan] 6,3'(4'H)-[2H] Thiazolo [3, 2-b] - 5 
tetrazine (Zero point energy = 54.336x10^ cal / mo! / ° K) 
Tempurature 
(°K) 
100 
200 
300 
400 
500 
600 
700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 
X = hcoc/kT 
547.108 
273.554 
182.369 
136.777 
109.422 
91.185 
78.158 
70.955 
60.790 
54.711 
49.737 
45.592 
42.085 
39.079 
36.474 
Enthalpy Heat capacity 
(cal/mol/K) (cal/mol/K) 
0.0029 
0.274 
1.337 
3.101 
5.222 
7.431 
9.581 
11.036 
13.494 
15.235 
16.839 
18.315 
19.673 
20.926 
22.082 
0.0292 
1.540 
5.735 
11.098 
16.216 
20.560 
24.740 
26.404 
30.043 
31.847 
33.507 
35.223 
36.192 
37.694 
38.753 
(-) Free energy 
(cal/mol/K) 
0.00027 
0.051 
0.334. 
0.948 
1.864 
3.011 
4.319 
5.316 
7.210 
8.723 
10.252 
11.781 
13.301 
14.806 
16.290 
Entropy 
(cal/mol/K) 
0.00317 
0.328 
1.671 
4.049 
7.086 
10.442 
14.900 
16.352 
20.704 
23.958 
27.091 
30.096 
32.974 
35.732 
38.372 
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Table 2.7 - Calculated values of thermodynamic functions of 
6'(7' H)-oxo spiro [3(3- Chloro-5a - cholestan] 6,3'(4'H)-[2H] Thiazolo [3, 
2-b] - 5 - tetrazine (Zero point energy = 54.371 x10^ cal / mol / ° K) 
Temperature x 
(°K) 
100 
200 
300 
400 
500 
600 
700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 
= hcoc/kT 
547.468 
273.734 
182.489 
136.867 
109.494 
91.245 
78.210 
71.002 
60.830 
54.747 
49.770 
45.622 
42.113 
39.105 
36.498 
Enthalpy Heat capacity 
(cal/mol/K) (cal/mol/K) 
0.0053 
0.412 
1.801 
3.892 
6.268 
8.663 
10.951 
12.484 
15.049 
16.852 
18.506 
20.022 
21.414 
22.695 
23.874 
0.0514 
2.205 
7.251 
13.059 
18.351 
22.791 
26.648 
28.612 
31.963 
34.036 
35.454 
37.382 
38.131 
39.828 
40.864 
(-) Free energy 
(cal/mol/K) 
0.00054 
0.079 
0.478 
1.271 
2.392 
3.748 
5.257 
6.389 
8.516 
10.196 
11.881 
13.557 
15.216 
16.850 
18.457 
Entropy 
(cal/mol/K) 
0.00584 
0.491 
2.279 
5.163 
8.660 
12.411 
16.208 
18.873 
23.565 
27.048 
30.387 
33.579 
36.630 
39.545 
42.331 
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Table 2.8 - Calculated values of thermodynamic functions of 
6'(7' H)-oxo spiro [3(3- Bromo-5a - cholestan] 6,3'(4'H)-[2H] Thiazolo [3, 
2-b] - 5 - tetrazine (Zero point energy = 65.576x10^ cal / mol / ° K) 
Temperature 
(°K) 
100 
200 
300 
400 
500 
600 
700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 
X = hcoc/kT 
660.285 
330.143 
220.095 
165.071 
132.057 
110.048 
94.327 
85.633 
73.365 
66.029 
60.026 
55.024 
50.791 
47.163 
44.019 
Enthalpy Heat capacity 
(cal/mol/K) (cal/moi/K) 
0.0047 
0.402 
1.771 
3.811 
6.114 
8.434 
10.662 
12.167 
14.719 
16.542 
18.236 
19.809 
21.270 
22.629 
23.892 
0.0472 
2.171 
7.120 
12.718 
17.805 
22.142 
26.162 
28.076 
31.820 
34.023 
35.824 
37.928 
39.041 
40.896 
42.172 
(-) Free energy 
(cal/mol/K) 
0.00046 
0.076 
0.468 
1.246 
2.342 
3.662 
5.131 
6.235 
8.311 
9.957 
11.614 
13.269 
14.913 
16.540 
18.145 
Entropy 
(cal/mol/K) 
0.00516 
0.478 
2.239 
5.057 
8.456 
12.096 
15.793 
18.402 
23.030 
26.499 
29.850 
33.078 
36.183 
39.169 
42.037 
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Table 2.9 - Calculated values of thermodynamic functions of 
6'(7' H)-oxo spiro [3p- lodo-5a - cholestan] 6,3'(4'H)-[2H] Thiazolo [3, 2-
b] - 5 - tetrazine (Zero point energy = 64.947x10^ cal / mol / ° K) 
Temperature 
(°K) 
100 
200 
300 
400 
500 
600 
700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 
X = hcoc/kT 
653.954 
326.977 
217.985 
163.488 
130.791 
108.992 
93.422 
84.812 
72.662 
65.395 
59.450 
54.496 
50.304 
46.711 
43.597 
Enthalpy Heat capacity 
(cai/mol/K) (cal/mol/K) 
0.0037 
0.335 
1.529 
3.370 
5.491 
7.656 
9.754 
11.180 
13.608 
15.351 
16.976 
18.490 
19.900 
21.213 
22.437 
0.0374 
1.836 
6.282 
11.504 
16.342 
20.513 
24.509 
26.269 
30.016 
32.089 
33.929 
35.941 
37.103 
38.882 
40.154 
(-) Free energy 
(cal/mol/K) 
0.00037 
0.063 
0.396 
1.077 
2.054 
3.247 
4.586 
5.598 
7.512 
9.037 
10.577 
12.120 
13.656 
15.180 
16.686 
Entropy 
(cal/mol/K) 
0.00407 
0.398 
1.925 
4.447 
7.545 
10.903 
14.340 
16.778 
21.123 
24.388 
27.553 
30.610 
33.556 
36.393 
39.123 
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Table 2.10 - Calculated values of thermodynamic functions of 
6'(7' H)-oxo spiro [3p- acetoxy-5a - cholestan] 6,3'(4'H)-[2H] Thiazolo [3, 
2-b] - 5 - tetrazine (Zero point energy = 64.947x10^ ca! / mol / ° K) 
Temperature 
(°K) 
100 
200 
300 
400 
500 
600 
700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 
X = hcoc/kT 
684.029 
342.014 
228.010 
171.007 
136.806 
114.005 
97.718 
88.712 
76.003 
68.403 
62.184 
57.002 
52.618 
48.859 
45.602 
Enthalpy Heat capacity 
(cal/mol/K) (cal/mol/K) 
0.0026 
0.264 
1.303 
3.028 
5.110 
7.299 
9.462 
10.947 
13.498 
15.339 
17.061 
18.667 
20.164 
21.559 
22.858 
0.0267 
1.498 
5.605 
10.852 
15.944 
20.443 
24.874 
26.723 
30.891 
33.051 
35.139 
37.193 
38.541 
40.326 
41.674 
(-) Free energy 
(cal/mol/K) 
0.00025 
0.048 
0.324 
0.923 
1.818 
2.943 
4.231 
5.217 
7.105 
8.623 
10.167 
11.721 
13.275 
14.821 
16.353 
Entropy 
(cal/mol/K) 
0.00285 
0.312 
1.627 
3.951 
6.928 
10.242 
13.693 
16.164 
20.603 
23.962 
27.228 
30.388 
33.439 
36.380 
39.211 
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Chapter - III 
INFRARED SPECTRA OF 
6 - OXIMINO - CHOLEST 
3.1 Introduction: 
Steroids are drugs derived from the male hormone testosterone, sterols, 
bile acid, corticoids, sapogenins etc. All steroids have anabolic effects, 
androgenic effects and have some other effects [1]. These compounds have 
been found to be biological active. These are important compounds to prepare 
the medicine, drugs for several serious ailments in the body. Infrared spectra of 
steroids are complex due to the fact that its structure is not a simple and uniform 
one. We have to analyse the infrared spectra of a series of oximino cholest by 
indirect methods namely, selecting the known fundamentals and combination of 
these fundamentals. Most of the time, these fundamentals and combinations 
explain the occurrence of interaction vibrations, hydrogen-bonding vibrations and 
other conformation vibrations. These complicated vibrations should be very 
carefully identified on the basis of their intensities, their occurrence with various 
fundamentals and their approximate magnitudes. Vibrational assignments of such 
complicated molecules have been performed by taking the help of similar 
vibrations observed in similar molecules. These studies will be helpful to identify 
ground state vibrations of the above steroids. In the electronic spectra of the 
steroids, excited state vibrations can be confirmed with the help of ground state 
vibrations observed in the infrared spectra of the same molecules. 
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3.2 Experimental Technique 
The chloro and acetate derivatives of 6 - oximino cholest - 4 - ene - 4 -
thio - carboxylic anhydride have been prepared in Steroidal Research 
Laboratory, Department of Chemistry, A.M.U Aligarh [2,3], and used as such with 
KBr in the form of a circular disc to record the infrared spectra. Infrared spectra 
V\/ere recorded on Perkin-Elmer model - 237 infrared spectrophotometer. Three 
infrared spectra are being reported here. They have been reproduced in the 
separate sheet of paper. Vibrational frequencies have been reported with the 
accuracy of ± 5cm"\ All infrared spectra have been recorded in the region 
650-4000 cm\ Visual estimates of the intensities have been given in the visual 
scale of 1 to 10. About 20 to 25 bands have been obtained in each infrared 
spectrum. 
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3.3 Structural Formula 
o 
Fig 3.1 
X = (H, CI, and OAc) 
(i)- 6-OximinoclioIest - 4- ene - 4-thio-carboxyIic anhydride 
(ii)- 3p - cliloro - 6-Oximinocholest - 4- ene - 4-thio-carboxylic anhydride 
(iii)- 3(3 - Acetoxy - 6-OximinochoIest - 4- ene - 4-thio-carboxylic anliydride 
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3.4 Discussion and Analysis 
Chloro and acetate derivatives of 6- Oximinocholest - 4- ene- 4- thio-
carboxylic anhydride and the parent compound have been reproduced in the form 
of their molecular structure contains various rings and their association with 
various molecular bonds. H in the position of 3(3 has been replaced by Chlorine 
and acetate group. All the derivatives and the parent molecule belong to Cs point 
group because there is only one plane of symmetry i.e. plane of molecule. There 
will be only two types of vibrations that are a'(pianer) and a " (none planer). The 
observed fundamental frequencies and probable assignments are presented in 
following table 3.1. 
A. R.H. Cole et. al [4,5,6] suggested angular methyl group bending 
vibrations for the methyl group in between two six membered rings (Cio) and in 
between a five and a six membered rings (Cis) with in the region (1374-1392) 
cm'"* and (1372-1383) cm'^  respectively. P.K.Verma et. al [7]- assigned these 
modes of vibrations with in the range 1380-1390 cm""" and 1365 - 1375 cm""* in 
derivatives of steroidal tetrazines. In present investigation. The bands observed 
at 1380 cm""" in (6 -Oximinocholest), 1380, cm""* in (Chloro 6 - Oximinocholest), 
1440, cm'"' in (Acetoxy C6 - Oximinocholest), have been assigned for angular 
methyl bending vibrations methyl group in between five and six membered rings 
respectively. 
In the steroidal series a limited number of compounds have been studied, 
and the results indicate that equatorial substitution leads to bands in the (750 -
700 cm"^ ) region, where as axial substitution results in absorption in the (590 -
690 cm"'') range [8]. Axial C-CI stretching vibrations and equatorial C-CI stretching 
have been observed at 670 cm"^  and 760 cm'"' respectively in (Chloro 6 -
- 9 4 -
Oximinocholest). Barton et. al [9], has suggested these vibrations near 617 cm"^  
and 750 cm "^  respectively. These assignments are in good agreement with 
[10,11], and the assignments made by Verma et.ai [7] in steroidal tetrazines 
3.5 Thermodynamic Functions 
The thermodynamic functions have been the subject of many 
investigators [12 - 20], as the thermo dynamical properties of a molecule may be 
computed more accurately than measured, using fundamental frequencies of a 
molecule, therefore, it was considered worthwhile to study the thermodynamic 
properties of series of steroidal 6 - oximino-cholest - 4 - ene - 4 - thio -
carboxylic anhydride. The ideal gas state thermodynamic functions are computed 
in the temperature range 100 - 1500 K utilizing the spectroscopic data given in 
table 3.1. The numerical values for the thermodynamic functions in ideal gas 
state as given in tables 3.2 to 3.4 are computed as described earlier [21 - 23] 
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Table 3.2 - Calculated values of thermodynamic functions for 
Oximino-cholest 
(Zero point energy = 2.6575X10^cal/mol/°K ) 
Temp X= hcoc/Kt Enthalpy Heat Capacity (-) Free Energy Entropy 
°K cal/mol/°K cal/mol/°K cal/mol/°K cal/moirK 
100 
200 
300 
400 
500 
600 
700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 
267.5821 
133.7910 
89.1940 
66.8955 
53.5164 
44.5970 
38.2260 
34.7029 
29.7313 
26.7582 
24.3256 
22.2985 
20.5832 
19.1130 
17.8388 
0.0009 
0.1687 
0.9948 
2.4239 
4.1145 
5.8269 
7.4466 
8.5166 
10.2745 
11.4823 
12.5675 
13.5439 
14.4244 
15.2208 
15.9435 
0.0107 
).o5f? 
4.5442 
8.8733 
12.7609 
15.8916 
18.3356 
19.7360 
21.7359 
22.9250 
23.8816 
24.6600 
25.3004 
25.8323 
26.2782 
0.0001 
0-0276 
0.2269 
0.6986 
1.4189 
2.3213 
3.3427 
4.1142 
5.5665 
6.7127 
7.8589 
8.9949 
10.1144 
11.2130 
12.2882 
0.0010 
CM-ibS 
1.2218 
3.1225 
5.5335 
8.0582 
10.7893 
12.6308 
15.8410 
18.1949 
20.4264 
22.5389 
24.5388 
26.4338 
28.2317 
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Table 3.3 - Calculated values of thermodynamic functions for 
Chloro oximino-cholest 
(Zero point energy = 2.2538X10^ cal/mol/°K) 
Temp 
°K 
100 
200 
300 
400 
500 
600 
700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 
X= hcoc/Kt 
ca!/mol/°K 
226 9303 
113 4652 
75 6434 
56 7326 
45 3861 
37 8217 
32 4186 
29.4308 
25 2145 
22 6930 
20 6300 
18 9109 
17 4562 
16 2093 
15 1287 
Enthalpy 
cal/mol/°K 
0 0025 
0 2502 
1 1717 
2 5518 
4.0780 
5 5735 
6 9637 
7 8742 
9 3615 
10 3796 
11 2929 
12.1138 
12 8537 
13 5229 
14.1303 
Heat Capacity 
cal/mol/°K 
0 0253 
j;V*4t>S7 
4 8074 
8 5282 
11 7271 
14 2711 
16 2558 
17 3967 
19.0347 
20 0154 
20.8084 
21 4571 
21 9929 
22 4398 
22 8157 
(-) Free Energy 
cal/mol/°K 
0.0002 
6^'S4«f7 
0 2999 
0 8193 
1.5520 
2 4289 
3 3941 
41113 
5 4435 
6 4835 
7 5164 
8 5348 
9 5342 
105116 
11 4657 
Entropy 
0 0027 
0-^965 
1 4717 
3 3711 
5 6301 
7 8225 
10 3578 
11 9854 
14 8050 
16 8631 
18 8093 
20 6486 
22 3879 
24 0346 
25 5960 
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Table 3.4 - Calculated values of thermodynamic functions for 
Acetoxy oximino-cholest 
(Zero point energy = 2.9455X10'* cal/mol/°K) 
Temp 
cal/mol/°K 
100 
200 
300 
400 
500 
600 
700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 
X= h(oc/Kt 
296.5779 
148.2890 
98.8593 
74.1445 
59.3156 
49.4297 
42.3683 
38.4634 
32.9531 
29.6578 
26.9616 
24.7148 
22.8137 
21.1841 
197719 
Enthalpy 
cal/mol/°K 
0.0018 
0.2031 
1.0515 
2.4686 
4.1555 
5.8897 
7.5541 
8.6653 
10.5087 
11.7869 
12.9424 
13.9869 
14.9328 
15.7911 
16.5721 
Heat Capacity 
cal/mol/°K 
0.01861 
1.1843 
4.5949 
8.8642 
12.8446 
16.1613 
18.8167 
20.3621 
22.5956 
23.9363 
25.0206 
25.9059 
26.6360 
27.2435 
27.7533 
(-) Free Enemy 
cal/moirK 
0.0002 
0.03599 
0.2552 
0.7418 
1.4713 
2.3826 
3.4169 
4.2007 
5.6823 
6.8567 
8.0353 
9.2069 
10.3645 
11.5030 
12.6196 
Entropy 
0.0019 
0.2392 
1.3067 
3.2104 
5.6268 
8.2724 
10.9709 
12.8659 
16.1909 
18.6436 
20.9776 
23.1939 
25.2973 
27.2941 
29.1916 
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Chapter - IV 
INFRARED SPECTRA OF STEROIDAL 
MERCHAPTOCHOLEST 5 - ENE 
4.1 Introduction: 
Vibrational spectra of complex polyatomic molecules play an important 
role to recognize the various vibrations. These vibrations are responsible for the 
activity of certain molecule, which is present most of the times to obtain the exact 
behaviour of these complex molecules. Vibrations are also responsible to give 
the reason for the importance and structural contribution in a large molecule. In 
this continuation steroids and its derivatives are studied in the infrared region to 
detect the various strong vibrations which can tell the peculiar behaviour of 
steroids 
Steroids are medicinal compounds exhibiting a lot of potentialities to form 
other complicated organic compounds, which are more useful in the complex 
diseases. Infrared spectra of steroids are complex due to the fact that its 
structure is not a simple and uniform one. We have to analyse the infrared 
spectra by indirect method namely, selecting the known fundamentals and 
combination of these fundamentals. These complicated vibrations have been 
very identified carefully on the basis of their intensities, their occurrence with 
various fundamentals and their approximate magnitudes. 
4.2 Experimental Technique 
The derivatives of merchapto cholest - 5 - ene have been prepared in 
Steroidal Research Laboratory, Department of Chemistry, A.M.U Aligarh, and 
these compounds were used as such with KBr in the form of a circular disc to 
record the infrared spectra. Infrared spectra were recorded on Perkin-Elmer 
model - 237 infrared spectrophotometer. The appearance of the spectra is quite 
good and sharp. Four infrared spectra are being reported here. They have been 
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reproduced in the separate sheet of paper. Vibrational frequencies have been 
reported with the accuracy of ± 5cm'\ All infrared spectra have been 
recorded in the region 650-4000 cm'\ Visual estimates of the intensities have 
been given in the visual scale of 1 to 10. About 25 to 35 bands have been 
obtained in each infrared spectrum. Effect of substituent of the parent molecules 
is quite evident by shift in the vibrational frequencies and change in nature of 
infrared spectra. Vibrational analysis has been performed in terms of various 
fundamental vibrations and combinations of these vibrations. In the present 
molecules series the moderately strong and weak bands at frequencies that 
could not be reasonable assigned to fundamentals may be combination at first 
over tools of the normal modes whose assignments have been made accordingly 
to the direct product rule for the Cs point group. 
A few combination and overtone bands involving the fundamental 
frequencies have also been observed. These compounds also exhibit some 
interaction vibrations, which indicate the nature of complexities in such big 
molecules. 
108 
4.3 Structural Formula 
Fig 4.1(1) 
Fig 4.1 (2) 
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Fig 4.1 (3) 
Fig 4.1 (4) 
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Table - 4.1 Observed Infrared frequencies for 
3p - [(4'- imino) 5'- merchapto-1', 2', 4' - triazoIe-3' - methoxy] cholest - 5 - ene 
I.R. Frequency 
(in cm"^ ) 
760 
1020 
1080 
1100 
1130 
1180 
1270 
1290 
1310 
1370 
1410 
1490 
1610 
1640 
1780 
2150 
2350 
2550 
2850 
2900 
3150 
3250 
3350 
Int. 
5.8 
6.3 
4.7 
4.6 
5.3 
5.7 
5.8 
5.5 
5.4 
3.7 
2.2 
3.2 
2.6 
2.8 
7.8 
7.6 
7.6 
6.7 
1.0 
0.8 
1.9 
1.5 
4.3 
Species 
a" 
a' 
a" 
a' 
a' 
a' 
a' 
a' 
a' 
a" 
a" 
a" 
a' 
a' 
A" 
A' 
A" 
a' 
a' 
a" 
a' 
a' 
a' 
Assignment 
C - H bending o.o.p 
C - 0 stretching 
C - CH3 rocking 
C - H bending i.p 
C - H bending i.p 
C - H bending i.p 
C - N stretching 
C - H bending i.p 
C - H bending i.p 
angular methyl group between a 
five & a six membered ring C18 
angular methyl group between 
two six membered rings C10 
CH3 out of phase deformation 
C = C aromatic 
C = N linkage 
(760+1020) 
(1020+1130) 
(1080+1270) 
SH stretching 
CH3 in phase stretching 
CH3 out of phase stretching 
NH2 stretching 
C - H stretching 
NH2 stretching 
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Table - 4.2 Observed Infrared frequencies for 
3p - [(4'- imino - p - toluedyl) 5'- merchapto- 1', 2', 4' - triazole-3' - methoxy] 
cho les t -5 -ene 
I.R. Frequency 
(in cm'^ ) 
710 
750 
810 
1020 
1080 
1110 
1140 
1180 
1210 
1230 
1280 
1320 
1380 
1390 
1490 
1610 
1640 
1730 
1820 
1860 
1930 
2100 
2200 
2250 
2350 
2500 
2650 
2750 
3050 
Int. 
5.9 
3.4 
5.6 
5.2 
5.9 
4.3 
5.1 
2.8 
4.4 
3.5 
0.9 
2.4 
4.6 
3.7 
5.1 
1.5 
2.4 
5.2 
5.0 
5.1 
5.1 
4.8 
4.5 
4.3 
3.3 
2.5 
2.5 
2.5 
3.1 
Species 
a" 
a" 
a" 
a' 
a" 
a' 
a' 
a' 
a' 
a' 
a' 
a' 
a" 
a" 
a" 
a' 
a' 
A" 
A" 
A" 
A" 
A' A" A' 
A' 
A'A' 
A" A' 
A' 
a' 
a' 
a' 
Assignment 
C - H bending o.o.p 
C - H bending o.o.p 
C - H bending o.o.p 
C - 0 stretching 
C - CH3 rocking 
C - H bending i.p 
C - H bending i.p 
C - H bending i.p 
C - H bending i.p 
C - H bending i.p 
C - N stretching 
C - H bending i.p 
angular methyl group between a 
five & a six membered ring Cis 
angular methyl group between 
two six membered rings C10 
CH3 out of phase deformation 
C = C aromatic 
C = N linkage 
(710+1020) 
(710+1110) 
(750+1110) 
(750+1180) 
(710+1390), 
(1010+1080),(710+1490) 
(1020+1180) 
(1110+1140),(1020+1230) 
(710+1640),(1140+1210) 
(1180+1320) 
SH stretching 
CH3 in phase stretching 
C - H stretching 
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Table - 4.3 Observed Infrared frequencies for 
3p - [(4'- imino benzylidene) 5'- merchapto- 1', 2', 4' - triazole-3' - methoxy] 
cholest - 5 - ene 
I.R. Frequency 
(in cm'^ ) 
700 
740 
800 
1020 
1080 
1110 
1150 
1170 
1190 
1260 
1310 
1370 
1380 
1400 
1440 
1490 
1540 
1600 
1640 
1780 
2500 
2950 
3050 
3200 
3250 
3350 
3450 
Int. 
2.0 
2.4 
3.7 
1.5 
1.1 
1.0 
2.6 
2.1 
2.7 
1.2 
1.3 
1.8 
1.2 
3.3 
0.7 
2.9 
3.2 
2.3 
3.1 
3.5 
2.3 
0.4 
1.5 
1.4 
1.3 
1.2 
1.2 
Species 
a" 
a" 
a" 
a' 
a" 
a' 
a' 
a' 
a' 
a' 
a' 
a" 
a" 
A' 
A' 
a" 
A' 
a' 
a' 
A' 
a' 
a" 
a' 
a' 
a' 
a' 
a' 
Assignment 
C - H bending o.o.p 
C - H bending o.o.p 
C - H bending o.o.p 
C - 0 Stretching 
C - CH3 rocking 
C - H bending i.p 
C - H bending i.p 
C - H bending i.p 
C - H bending i.p 
C - N stretching 
C - H bending i.p 
angular methyl group between a 
five & a six membered ring C18 
angular methyl group between 
two six membered rings C10 
(2 X 700) 
(700+740) 
CH3 out of phase deformation 
(740+800) 
C = C aromatic 
C = N linkage 
(700+1080) 
SH stretching 
CH3 out of phase stretching 
C - H stretching 
C - H stretching 
C - H stretching 
C - H stretching 
C - H stretching 
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Table - 4.4 Observed Infrared frequencies for 
3p - [(4'- imino - p - nitrobenzylidene) 5'- merchapto- 1', 2', 4' - triazole-3' 
methoxy] cholest - 5 - ene 
I.R. Frequency 
(in cm"^) 
710 
730 
780 
790 
1010 
1080 
1260 
1270 
1320 
1340 
1370 
1380 
1440 
1490 
1560 
1570 
1590 
1620 
1640 
1790 
1860 
1980 
2050 
2150 
2300 
2450 
2650 
2850 
3150 
3200 
3250 
3350 
Int. 
5.7 
5.6 
6.4 
5.7 
6.0 
5.8 
5.9 
5.8 
4.0 
0.6 
3.4 
3.4 
2.6 
4.1 
5.2 
5.1 
2.5 
6.0 
6.1 
6.6 
6.3 
6.1 
6.0 
5.9 
5.5 
5.3 
4.9 
0.7 
4.2 
4.1 
4.0 
3.6 
Species 
a" 
a" 
a" 
a" 
a' 
a" 
a' 
a' 
a' 
a' 
a" 
a" 
A' 
a" 
A' 
A' 
a' 
a' 
a' 
A 'A " 
A' 
A' 
A" A" 
A"A" 
A' 
A" 
A' 
a' 
a' 
a' 
a' 
a' 
a' 
Assignment 
C - H bending o.o.p 
C - H bending o.o.p 
C - H bending o.o.p 
C - H bending o.o.p 
C - 0 stretching 
C - CH3 rocking 
C - N stretching 
C - H bending i.p 
C - H bending i.p 
C -N O2 stretching 
angular methyl group between a 
five & a six membered ring C18 
angular methyl group between 
two six membered rings C10 
(710+730) 
CH3 out of phase deformation 
(2 X 780) 
(780+790) 
C -N O2 stretching 
C = C aromatic 
C = N linkage 
(710+1080), (780+1010) 
(780+1080) 
(710+1270) 
(730+1320),(710+1340), 
(780+1270), (790+1260) 
(780+1370) 
(710+1590) 
(1080+1370) 
SH stretching 
CH3 in phase stretching 
C - H stretching 
C - H stretching 
C - H stretching 
C - H stretching 
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4.4 Result and Discussion 
(1) 3(3 - [(4'- imino) 5'- merchapto- 1', 2', 4' - triazole-3' - methoxy] cholest 
- 5 - ene, (2) 3p - [(4'- imino - p - toluedyl) 5'- merchapto-1', 2', 4' - triazole-3' -
methoxy] cholest - 5 - ene, (3) 3(3 - [(4'- imino benzylidene) 5'- merchapto-1', 
2', 4' - triazole-3' - methoxy] cholest - 5 - ene, & (4) 3p - [(4'- imino - p -
nitrobenzylidene) 5'- merchapto- 1', 2', 4' - triazole-3' - methoxy] cholest - 5 -
ene, have been reproduced in the form of their molecular structure contains 
various rings and their association with various molecular bonds. All the four 
molecule belong to Cs point group because there is only one plane of symmetry 
i.e. plane of molecule. There will be only two types of vibrations that are 
a'(planer) and a " (none planer). The observed fundamental frequencies and 
probable assignments are presented in table 4.1 to 4.4. 
S- Hstretching 
S-H stretching vibrations are observed in the range of 2600 - 2550 cm'^  
with weak intensity in the organic compounds containing S-H groups, for example 
in alkyl mercaptans and thiophenol. This vibration does not change due to 
intermolecular hydrogen bonding [1[. There is approximately no change in its 
value when we record the spectrum in liquid and in solution. 
The confirmation of this assignment of the SH mode may be done by the 
work of Ellis [2], who found the first overtone in the 5000 cm ~ ^  region. This 
assignment is also confirmed by the assignment mode by Williams [3] who 
extended the series of compounds examined by Bell and showed that other 
merchaptans absorbed near 2630 cm "^  . Throtter, Thompson [4] and Sheppared 
[5] examined large number of simple merchaptans and compered them with the 
corresponding sulphides and in all cases one of the major points of difference 
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has been the disappearance of the SH absorption, which the former workers 
assign as being near 2575 c m ~ \ It Is also observed in compounds containing 
COOH groups which exhibit general absorption in this region. 
Randall et al [6] who have also examined a few merchaptans propose the 
range 2688 - 2560 cm " ^ but this is clearly designed to include hydrogen 
sulphide v^ /hich has its asymmetric SH mode at 2688 cm""*. This is an exceptional 
case, and organic merchaptans do not appear to absorb at higher frequencies 
than 2600 cm "'' 
We have observed this vibration in our compound at 2550,2650,2550,and 
2650 forSp - [(4'- imino) 5'- merchapto- 1', 2', 4' - triazole-3' - methoxy] cholest -
5 - ene, 3p - [(4'- imino - p - toluedyl) 5'- merchapto- 1', 2', 4' - triazole-3' -
methoxy] cholest - 5 - ene, 3(3 - [(4'- imino benzylidene) 5'- merchapto-1', 2', 4' -
triazole-3' - methoxy] cholest - 5 - ene, & 3p - [(4'- imino - p - nitrobenzylidene) 
5'- merchapto-1', 2', 4' - triazole-3' - methoxy] cholest - 5 - ene, respectively. 
C- 10 and C- 18 angular methyl group vibrations 
In steroids we observed the angular methyl group between five and six 
membered ring (C-18) in the range 1372 - 1383 cm"^  and in between two six 
membered rings (C-10) in the range 1374-1392 cm"^  [7-9] . These are the 
characteristic vibration associated with the steroids. In most of the complicated 
steroids these vibrations occurs with weak intensity. We obtain these vibrations in 
our compounds at 1370 & 1380, 1380 & 1390, 1370 & 1410 and 1370 & 1380 for 
3p - [(4'- imino) 5'- merchapto- 1', 2', 4' - triazole-3' - methoxy] cholest - 5 - ene, 
3p - [(4'- imino - p - toluedyl) 5'- merchapto- 1', 2', 4' - triazole-3' - methoxy] 
cholest - 5 - ene, 3p - [(4'- imino benzylidene) 5'- merchapto-1', 2', 4' - triazole-
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3' - methoxy] cholest - 5 - ene, & 3(3 - [(4'- imino - p - nitrobenzylidene) 5'-
merchapto-1', 2', 4' - triazole-3' - methoxy] cholest - 5 - ene, respectively. 
C- Nstretching 
C - N stretching vibration appears due to the fact that there is nitrogen 
atom in the ring and it makes a bond with the carbon atom. C - N stretching 
vibration occurs in the region 1400 - 1000 cm"''[7,9]. This vibration has been 
observed 1340 - '\250 cm"^  m phenyl amines. In the sterad this frequencv has 
been assigned at 1260, 1280, 1270, and 1260 forSp - [(4'- imino) 5'- merchapto-
1', 2', 4' - triazole-3' - methoxy] cholest - 5 - ene, 3(3 - [(4'- imino - p - toluedyl) 
5'- merchapto- 1', 2', 4' - triazole-3' - methoxy] cholest - 5 - ene, 3(3 - [(4'- imino 
benzylidene) 5'- merchapto-1', 2', 4' - triazole-3' - methoxy] cholest - 5 - ene, & 
3p - [(4'- imino - p - nitrobenzylidene) 5'- merchapto- 1', 2', 4' - triazole-3' -
methoxy] cholest - 5 - ene, respectively. 
C- N linkage 
C = N linkage vibration occurs in the region 1690 - 1620 cm'\ Acetoxime 
has the C = N stretching band at 1675 cm"\ Gunanidines shows the C = N 
stretching vibration in the range 1690 - 1550 cm""". Thiazolines shows the C = N 
stretching absorption around 1640 cm"\ therefore we have assigned C = N 
linkage vibration in our compounds at1640, 1640, 1640, and 1640 for3(3 - [(4'-
imino) 5'- merchapto- 1', 2', 4' - triazole-3' - methoxy] cholest - 5 - ene, 3p - [(4'-
imino - p - toluedyl) 5'- merchapto- 1', 2', 4' - triazole-3' - methoxy] cholest - 5 -
ene, 3(3 - [(4'- imino benzylidene) 5'- merchapto- 1', 2', 4' - triazole-3' - methoxy] 
cholest - 5 - ene, & 3(3 - [(4'- imino - p - nitrobenzylidene) 5'- merchapto- 1', 2', 
4' - triazole-3' - methoxy] cholest - 5 - ene, respectively. 
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C- Ostretching 
Infrared spectra of several D - rings steroidal lactones have been studied 
earlier in the region 1250 - 835 cm"\ In these compounds C - O stretching 
vibration has been observed at 1028, 1035, 1004, cm"''for cortisone acetate, 
hydrocortisone and hydrocortisone hemi succinate compounds respectively. In 
accordance with the above assignment we have assigned the C - O stretching 
vibration at 1020, 1020, 1020, andlOlO for3p - [(4'- imino) 5'- merchapto- 1', 2', 
4' - tnazole-3' - methoxy] cholest - 5 - ene, 3p - [(4'- imino - p - toluedyl) 5'-
merchapto- 1', 2', 4' - triazole-3' - methoxy] cholest - 5 - ene, 3p - [(4'- imino 
benzylidene) 5'- merchapto- 1', 2', 4' - triazole-3' - methoxy] cholest - 5 - ene, & 
3p - [(4'- imino - p - nitrobenzylidene) 5'- merchapto- 1', 2', 4' - triazole-3' -
methoxy] cholest - 5 - ene, respectively. 
4,5 Thermodynamic Functions 
The ideal gas state thermodynamic functions are computed in the 
temperature range 100 - 1500 K utilizing the spectroscopic data given in table 
4.1 to 4.4. The numerical values for the thermodynamic functions in ideal gas 
state as given in tables 4.5 to 4.8 are computed as described in previous 
chapters [I - III ]. Assignments of all observed frequencies proposed in table 4.1 
to 4.4 are used to calculate the thermodynamic functions for the molecules 
considered for the present work for a few temperatures in the range from 100 to 
1500 K. 
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Table 4.5 - Calculated values of thermodynamic functions 
3p - [(4'- imino) 5'- merchapto- 1', 2', 4' - triazole-3' - methoxy] 
cholest - 5 - ene 
Temp X= hwc/Kt Enthalpy Heat Capacity (-) Free Energy Entropy 
°K cal/mol/°K cal/moirK cal/mol/°K cal/mol/°K cal/mol/°K 
100 
200 
300 
400 
500 
600 
700 
800 
900 
1000 
1200 
1300 
1400 
1500 
441 6169 
220 9585 
147 3056 
110 4792 
88 3834 
73 6528 
63 1309 
57 3125 
49 1019 
44 1917 
36 8264 
33 9936 
31 5655 
29 4611 
0 0016 
0 1925 
1 0356 
2 5017 
4 2928 
6 1703 
8 0047 
9 2487 
11 3499 
12 8371 
15 4603 
16 6140 
17 6750 
18 6521 
0 0169 
1 1377 
4 6322 
9 2143 
13 6123 
17 3913 
21 0960 
22 3787 
25 5898 
27 0973 
28 8988 
30 9898 
31 9218 
32 7222 
0 00015 
0 0337 
0 2465 
0 7337 
1 1809 
2 4294 
3 5194 
4 3529 
5 9439 
7 2179 
9 7969 
11 0807 
12 3513 
13 6045 
0 00175 
0 2262 
1 2821 
3 2354 
5 7737 
8 5997 
11 5241 
13 6016 
17.2938 
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25 1972 
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30 0263 
32 2566 
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Table 4.6 - Calculated values of thermodynamic functions 
3p - [(4'- imino - p - toluedyl) 5'- merchapto-1', 2', 4' - triazole-
3' - methoxy] cholest - 5 - ene 
Temp X= hcoc/Kt Enthalpy Heat Capacity (-) Free Energy Entropy 
°K cal/mol/°K cal/mol/°K cal/mol/°K cal/mol/°K cal/mol/°K 
100 
200 
300 
400 
500 
600 
700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 
414.63 
207.22 
138.14 
103.61 
82.89 
69.07 
59.21 
53.75 
46.05 
41.44 
37.68 
34.54 
31.88 
29.60 
27.63 
0.0014 
0.1854 
1.0384 
2.5592 
4.4375 
6.4139 
8.3440 
9.6496 
11.8452 
13.3894 
14.8012 
16.0904 
17.2684 
18.3460 
19.3347 
0.01511 
1.1168 
4.7308 
9.5705 
14.2387 
18.2293 
21.5088 
23.4630 
26.3627 
28.1548 
29.6368 
30.8712 
31.9064 
32.7806 
33.5236 
0.00014 
0.0319 
0.2423 
0.7368 
1.5058 
2.4894 
3.6242 
4.4936 
6.1540 
7.4831 
8.8265 
10.1705 
11.5056 
12.8254 
14.1253 
0.00154 
0.2173 
1.2807 
3.2960 
5.9433 
8.9033 
11.9682 
14.1432 
17.9992 
20.8725 
23.6277 
26.2609 
28.7740 
31.1714 
33.4600 
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Table 4.7 - Calculated values of thermodynamic functions 
3p - [(4'- imino benzylidene) 5'- merchapto-1', 2', 4' - triazole 
-3' - methoxy] cholest - 5 - ene 
Temp 
V 
X= hojc/Kt 
cal/mol/°K 
Enthalpy Heat Capacity (-) Free Energy 
cal/moirK cal/moirK cal/moirK 
Entropy 
cal/mol/°K 
100 
200 
300 
400 
500 
600 
700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 
513.8669 
256.9335 
171.2890 
128.4667 
102.7734 
85.6445 
73.4096 
66.6438 
57.0963 
51.3867 
46.7152 
42.8222 
39.5282 
36.7048 
34.2578 
0.00041 
0.08384 
0.60086 
1.6727 
3.1023 
4.6809 
6.2812 
7.3946 
9.3236 
10.7138 
12.0360 
13.2614 
14.4038 
15.4678 
16.4589 
0.00465 
0.56233 
3.0404 
6.8381 
10.7631 
14.3067 
17.3831 
19.3067 
22.3167 
24.2865 
25.9878 
27.4593 
28.7340 
29.8403 
30.8040 
0.0000371 
0.01306 
0.1252 
0.4334 
0.9557 
1.6598 
2.5018 
3.1623 
4.4527 
5.5083 
6.5926 
7.6930 
8.8001 
9.9070 
11.0084 
0.00044 
0.07695 
0.72606 
2.1061 
4.0580 
6.3407 
8.7830 
10.5569 
13.7763 
16.2321 
18.6268 
20.9544 
23.2039 
25.3748 
27.4673 
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Table 4.8 - Calculated values of thermodynamic functions 
3p - [(4'- imino - p - nitrobenzylidene) 5'- merchapto-1', 2', 4' 
- triazole-3' - methoxy] cholest - 5 - ene 
Temp X= hcoc/Kt Enthalpy Heat Capacity 
cal/mol/°K cal/mol/°K caI/mol/°K 
(-) Free Energy 
cal/mol/°K 
Entropy 
cal/mol/°K 
100 
200 
300 
400 
500 
600 
700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 
403.3517 
201.6759 
134.4506 
100.8379 
80.6703 
67.2253 
57.6217 
52.3110 
44.8169 
40.3352 
36.6683 
33.6126 
31.0271 
28.8108 
26.8901 
0.0019 
0.2224 
1.1038 
2.5507 
4.8892 
6.1070 
7.8841 
9.0893 
11.1237 
12.5607 
13.8789 
15.0864 
16.1929 
17.2077 
18.1399 
0.0202 
1.2751 
4.7298 
9.0956 
13.3153 
16.9735 
20.0223 
21.8579 
24.6084 
26.3248 
27.7540 
28.9512 
29.9604 
30.8162 
31.5462 
0.00018 
0.0397 
0.2734 
0.7788 
1.5317 
2.4743 
3.5501 
4.3702 
5.9315 
7.1789 
8.4388 
9.6990 
10.9509 
12.1886 
13.4080 
0.00208 
0.2621 
1.3772 
3.3215 
6.4209 
8.5813 
11.4342 
13.4595 
17.0552 
19.7396 
22.3177 
24.7854 
27.0718 
29.3963 
31.5479 
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Chapter - V 
INFRARED SPECTRA OF 
5a - CHOLESTAN - 7 - ENE 
5.1 introduction 
Steroidal compounds are used as contraceptive, tumor inhibitor, anti-
inflammatory agent, cardiac stimulant, plant growth stimulant in treatment of skin 
etc. These are also useful in spectroscopy and physiological studies. These are 
important compounds to prepare the drugs for several serious aliments in the 
body. The growth in steroid researches resulted in an overall development in 
reaction mechanism. New steroids have been made in the laboratory with the 
modification of their structure and increase activity and studies by us in infra red 
region (650 - 4000 cm'"') We have analyzed these spectra by indirect methods 
namely, selecting the known fundamentals and combination of these 
fundamentals. 
5.2 Experimental Technique 
(1) A/ - 2'- hydroxyethyl -3- aza -6p-(2- azidoethoxy) -A- homocholest - 4a 
-en-4- one, 
(2) 3p- chloro N- 2- hydroxyethyl-6- aza - B-homo -5a- cholestan - 7 
-ene. 
(3) Sp- aceto N-2- hydroxyethyl-6- aza - B-homo -5a- cholestan - 7 
-ene 
(4) N, Nbis (2'- hydroxyethyl) -3,6-diaza - A,B-bishomocholest-4a-en 
-4,7- dione 
The above compounds have been prepared in Steroidal Research 
Laboratory, Department of Chemistry, A.M.U Aligarh , and these compounds 
were use as such with KBr in the form of a circular disc to record the infrared 
spectra. Infrared spectra were recorded on Perkin-Elmer model - 237 infrared 
spectrophotometer. The appearance of the spectra is quite good and sharp. Four 
-136-
infrared spectra are being reported here. They have been reproduced in the 
separate sheet of paper. Vibrational frequencies have been reported with the 
accuracy of ± 5cm"\ All infrared spectra have been recorded in the region 
650-4000 cm"\ Visual estimates of the intensities have been given in the visual 
scale of 1 to 10. About 20 to 25 bands have been obtained in each infrared 
spectrum. Vibrational analysis has been performed in terms of various 
fundamental vibrations and combinations of these vibrations. 
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5.3 Structural Formula 
Where X = H, CI, Aoc for molecule 1, 2, 3 respectively 
Fig 5.1 (a) 
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structure for molecule 4 
Fig 5.1(b) 
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Table - 5.1 Observed Infrared frequencies for 
N - 2'- hydroxyethyl - 3 - aza - 6(3 - ( 2'- azidoethoxy) - A - homocholest - 4a -
en - 4 -one . 
I.R. Frequency 
(in cm"^ ) 
750 
780 
1040 
1160 
1190 
1240 
1310 
1380 
1420 
1460 
1620 
1670 
1730 
2350 
2650 
2850 
2900 
3050 
3450 
Int. 
7.1 
7.3 
1.1 
6.8 
7.0 
6.0 
6.7 
5.3 
5.5 
3.2 
5.8 
2.6 
7.9 
7.4 
6.6 
1.6 
1.2 
5.8 
3.0 
Species 
a" 
a" 
a' 
a' 
a' 
a' 
a' 
a' 
a" 
a" 
a' 
a' 
a' 
A'A' 
A" 
a' 
a" 
a' 
a' 
Assignment 
C - H bending o.o.p 
C - H bending o.o.p 
C - 0 stretching 
C - H bending i.p 
C - H bending i.p 
C - H bending i.p 
C - H bending i.p 
C - N stretching 
angular methyl group between a 
five & a six membered ring Cia 
angular methyl group between 
two six membered rings Cio 
C=C aromatic 
- CO-N stretching 
C = 0 stretching 
(1040+1310), (1160+1190) 
(1190+1460) 
CH3 in phase stretching 
CH3 out of phase stretching 
C - H stretching 
0 - H stretching 
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Table - 5.2 Observed Infrared frequencies for 
3p - chloro N - 2'- hydroxyethyl - 6 - aza - B - homo - 5a - cholestan - 7 - ene 
I.R. Frequency 
(in cm'^ ) 
740 
760 
820 
1040 
1180 
1220 
1250 
1260 
1280 
1360 
1380 
1420 
1460 
1610 
1660 
1730 
1960 
2350 
2550 
2850 
2950 
3400 
3550 
Int. 
6.9 
7.0 
7.3 
1.1 
5.4 
3.3 
4.5 
4.4 
3.4 
3.2 
4.1 
3.4 
2.8 
1.0 
4.2 
4.3 
7.7 
7.2 
6.8 
1.9 
1.5 
5.5 
5.2 
Species 
a" 
a" 
a" 
a' 
a' 
a' 
a' 
a' 
a' 
a' 
a" 
a" 
a" 
a' 
a' 
a' 
A" 
A" 
A" 
a' 
a" 
a' 
a' 
Assignment 
C - CI equatorial stretching 
C - H bending o.o.p 
C - H bending o.o.p 
C - 0 stretching 
C - H bending i.p 
C - H bending i.p 
C - H bending i.p 
C - H bending i.p 
amide band 
C - N stretching 
angular methyl group between a 
five & a six membered ring Ci8 
angular methyl group between 
two six membered rings Cio 
CH3 out of phase deformation 
C = C aromatic 
- CO - N stretching 
C = 0 stretching 
(740+1220) 
(740+1610) 
(820+1730) 
CH3 in phase stretching 
CH3 out of phase stretching 
C - H stretching 
0 - H stretching 
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Table - 5.3 Observed Infrared frequencies for 
3p - aceto N - 2'- hydroxyethyl- 6 - aza - B - homo - 5a - cholestan 
- 7 - ene 
I.R. Frequency 
(in cm'') 
710 
740 
810 
1030 
1140 
1180 
1190 
1240 
1290 
1340 
1370 
1420 
1470 
1620 
1670 
1730 
1770 
2150 
2550 
2900 
3150 
3400 
Int. 
4.6 
4.8 
5.0 
0.6 
2.4 
3.6 
3.2 
0.8 
2.6 
3.5 
1.5 
3.2 
1.3 
3.6 
1.2 
0.8 
6.0 
5.1 
6.8 
0.9 
3.5 
2.5 
Species 
a" 
a" 
a" 
a' 
a' 
a' 
a' 
a' 
a' 
a' 
a" 
a" 
a" 
a' 
a' 
a' 
a' 
A" 
A' 
a" 
a' 
a' 
Assignment 
C - H bending o.o.p 
C - H bending o.o.p 
C - H bending o.o.p 
C - 0 stretching 
C - H bending i.p 
C - H bending i.p 
C - H bending i.p 
C - H bending i.p 
amide band 
C - N stretching 
angular methyl group between a 
five & a six membered ring Cis 
angular methyl group between 
two six membered rings Cio 
CH3 out of phase deformation 
C = C aromatic 
- CO - N stretching 
carbonyl stretching in between 
acetoxy group and a six 
membered ring 
C = 0 stretching 
(810+1340) 
(1180+1370) 
CH3 out of phase stretching 
C - H stretching 
0 - H stretching 
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Table - 5.4 Observed Infrared frequencies for 
N, N bis (2'- hydroxyethyl) - 3,6 - diaza - A,B - bishomocholest - 4a - en - 4,7 
-dione 
I.R. Frequency 
(in cm"^) 
1040 
1050 
1120 
1160 
1210 
1370 
1420 
1450 
1660 
1680 
1730 
2100 
2850 
3050 
3450 
Int. 
1.1 
1.0 
2.4 
2.6 
2.2 
1.6 
1.8 
1.4 
2.2 
2.6 
3.2 
3.2 
1.5 
1.5 
1.2 
Species 
a' 
a' 
a' 
a' 
a' 
a' 
a" 
a" 
a' 
a' 
a' 
A' 
a' 
a" 
a' 
Assignment 
C - 0 stretching 
C - H bending i.p 
C - H bending i.p 
C - H bending i.p 
C - H bending i.p 
C - N stretcliing 
angular methyl group between 
a five & a six membered 
ring Cis 
angular methyl group between 
two six membered rings Cio 
C=C aromatic 
- CO-N stretching 
C = 0 stretching 
(2X1050) 
CH3 in phase stretching 
CH3 out of phase stretching 
0 - H stretching 
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5.4 Result and Discussion 
All the four molecules belong to Cs point group because there is only one 
plane of symmetry i.e. plane of molecule. There will be only two types of 
vibrations that are a'(planer) and a" (none planer). The observed fundamental 
frequencies and probable assignments have been made according to the 
assignments made in case of the molecules considered in previous chapters 
[I - III] and presented in table 5.1 to 5.4. 
5.5 Thermodynamic functions 
As the thermo dynamical properties of a molecule may be computed more 
accurately than measured, using fundamental frequencies of a molecule, 
therefore, it was considered worthwhile to study the thermodynamic properties for 
the molecules considered for the present investigation in this chapter. The ideal 
gas state thermodynamic functions are computed in the temperature range 100 -
1500 K utilizing the spectroscopic data given in table 5.1 to 5.4. The numerical 
values for the thermodynamic functions in ideal gas state as given in tables 5.5 to 
5.8 are computed as described earlier [4 - 9] 
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Table 5.5 - Calculated values of thermodynamic functions 
N - 2'- hydroxyethyl - 3 - aza - 6p - ( 2'- azidoethoxy) -
A - homocholest - 4a - en - 4 - one. 
Temp X= hoc/Kt Enthalpy Heat Capacity (-) Free Energy Entropy 
cal/mol/°K cal/mol/°K cai/nnol/°K cal/mol/°K cal/mol/°K 
100 
200 
300 
400 
500 
600 
700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 
417.31 
208.655 
139.1033 
104.3275 
83.462 
69.5517 
59.6157 
54.1213 
46.3678 
41.7310 
37.9373 
34.7558 
32.1008 
29.8079 
27.8207 
0.00075 
0.1118 
0.6455 
1.6392 
2.9218 
4.3230 
5.7359 
6.7150 
8.4027 
9.6205 
10.7558 
11.8109 
12.7901 
13.6984 
14.5414 
0.0083 
0.6820 
2.9980 
6.3230 
9.7473 
12.8422 
15.5147 
17.1712 
19.7320 
21.3847 
22.2969 
24.0070 
25.0473 
25.9447 
26.7215 
0.00007 
0.0189 
0.1482 
0.4607 
0.9607 
1.6164 
2.3892 
2.9907 
4.1577 
5.1067 
6.0776 
7.0592 
8.0438 
9.0253 
9.9995 
0.00082 
0.1207 
0.7937 
2.0999 
3.8825 
5.9394 
8.1251 
9.7057 
12.5604 
14.7272 
16.8334 
18.8701 
20.8339 
22.7237 
24.5409 
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Table 5.6 - Calculated values of thermodynamic functions 
3p - chloro N - 2'- hydroxyethyl - 6 - aza - B - homo -
5a - cholestan - 7 - ene 
Temp X= hcoc/Kt Enthalpy Heat Capacity (-) Free Energy Entropy 
°K cal/mol/°K cal/mol/°K cal/mol/°K cal/mol/°K cal/mol/°K 
100 
200 
300 
400 
500 
600 
700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 
424.7928 
212.3964 
141.5976 
106.1982 
84.9586 
70.7988 
60.6847 
55.0917 
47.1992 
42.4793 
38.6175 
35.3994 
32.6764 
30.3423 
28.3195 
0.0012 
0.1545 
0.8648 
2.1522 
3.7811 
5.5305 
7.2654 
8.4511 
10.4641 
11.8931 
13.2084 
14.4171 
15.5275 
16.5485 
17.4887 
0.0119 
0.9309 
3.9525 
8.1579 
12.3752 
16.0776 
19.1751 
21.0430 
23.8483 
25.6057 
27.0758 
28.3138 
29.3629 
30.2574 
31.0245 
0.00098 
0.0264 
0.2016 
0.6153 
1.2665 
2.1099 
3.0935 
3.8528 
5.3136 
6.4911 
7.6872 
8.8890 
10.0875 
11.2761 
12.4503 
0.00218 
0.1809 
1.0664 
2.7675 
5.0476 
7.6404 
10.3589 
12.3039 
15.7777 
18.3842 
20.8956 
23.2961 
25.6150 
27.8246 
29.9390 
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Table 5.7 - Calculated values of thermodynamic functions 
3p - aceto N - 2'- hydroxyethyl- 6 - aza - B - homo -
5a - cholestan - 7 - ene 
Temp 
°K 
X= hrac/Kt 
cal/mol/°K 
Enthalpy Heat Capacity (-) Free Energy 
cal/moirK cal/moirK cal/mol/K 
Entropy 
cal/mol/°K 
100 
200 
300 
400 
500 
600 
700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 
448.5363 
224.2682 
149.5121 
112.1341 
89.7073 
74.7561 
64.0766 
58.1710 
49.8374 
44.8536 
40.7760 
37.3780 
34.5028 
32.0383 
29.9024 
0.0015 
0.1759 
0.9381 
2.2896 
3.9893 
5.8136 
7.6251 
8.8648 
10.9728 
12.4714 
13.8528 
15.1227 
16.2905 
17.3650 
18.3549 
0.0155 
1.0326 
4.2058 
8.5667 
12.9499 
16.8182 
20.0702 
22.0379 
25.0009 
26.8615 
28.4198 
29.7330 
30.8465 
31.7960 
32.6104 
0.00014 
0.03099 
0.2240 
0.6674 
1.3568 
2.2447 
3.2777 
4.0743 
5.6063 
6.8410 
8.0953 
9.3559 
10.6131 
11.8603 
13.0925 
0.00164 
0.20689 
1.1621 
2.9570 
5.3461 
8.0583 
10.9028 
12.9391 
16.5791 
19.3124 
21.9481 
24.4786 
26.9036 
29.2253 
31.4474 
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Table 5.8 - Calculated values of thermodynamic functions 
N, N bis (2'- hydroxyethyl) - 3,6 - diaza - A,B - bishomocholest 
- 4 a - e n - 4 , 7 - d i o n e 
Temp X= hcoc/Kt Enthalpy Heat Capacity (-) Free Energy Entropy 
cal/mol/°K cal/mol/°K cal/mol/°K cal/mol/°K cal/mol/°K 
100 
200 
300 
400 
500 
600 
700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 
348.0941 
174.0471 
116.0314 
87.0235 
69.6188 
58.0157 
49.7277 
45.1446 
38.6771 
34.8094 
31.6449 
29.0078 
26.7767 
24.8639 
23.2063 
0.000024 
0.0309 
0.3217 
1.0179 
2.0075 
3.1365 
4.2999 
5.1146 
6.5282 
7.5522 
8.5085 
9.3979 
10.2234 
10.9891 
11.6994 
0.00037 
0.2494 
1.8158 
4.5010 
7.4153 
10.0620 
12.4088 
13.8410 
16.0433 
17.4554 
18.6556 
19.6796 
20.5566 
21.3107 
21.9619 
0.000002 
0.0039 
0.0581 
0.2370 
0.5665 
1.0312 
1.6020 
2.0567 
2.9553 
3.6967 
4.4619 
5.2408 
6.0261 
6.8121 
7.5948 
0.000026 
0.0348 
0.3798 
1.2549 
2.5740 
4.1677 
5.9019 
7.1713 
9.4835 
11.2489 
12.9704 
14.6387 
16.2495 
17.8012 
19.2942 
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Chapter - VI 
LASER RAMAN AND FTIR SPECTRA OF 
2 - lODO - 5 - NITRO - TOLUENE 
6.1 Introduction 
In recent times, toluene and substituted toluene have become very 
important on account of their wide use in medicine and industry. Vibrational 
spectra of various substituted toluenes were reported earlier [1-5]. Among the 
halogenated nitro toluene, the Vibrational spectra of chloronitro -, bromonitro -, 
and fluoronitro - toluenes, were reported earlier, but the Vibrational spectra of 
lodonitro toluenes do not seem to have been investigated so far. This paper deals 
with the recording and analysis of the FT - Raman and FT - IR spectra of 2 -
iodo - 5 - nitro toluene (2 - I 5 - NT) in mid and far, infrared regions. 
Vibrational assignments of such complicated molecules have been 
performed by taking the help of similar vibrations observed in similar molecules. 
These studies will be helpful to identify ground state vibrations of the above 
benzene derivative, and to enable us to propose a consistent assignment for C-X 
modes and the internal modes of the substituent groups and to study the effects 
of these substituents on the phenyl ring modes. These frequencies observed in 
FT-Raman and FT-IR spectra were then used as ground state vibrations, to 
confirm excited state vibrations of (2-1 5-NT) with the help of the electronic 
spectra. 
6.2 Experimental details 
Commercially available (2 - I 5 - NT) molecule of spec pure grade was 
used without further purification for recording the FT - Raman and FT - IR 
spectra. The FT - Raman and FT - IR spectra of (2-1 5-NT) were recorded 
using Bruker IFS 66V FT - IR / FT - Raman spectrometer having a resolving 
power of 0.1 cm""*. The FT - Raman spectrum of the powder sample over the 
range 50 - 3500 cm""" are recorded using Nd - YAG laser, at wavelength 1064 
-162-
nm and power 200 MW and a germanium diode detector. The FT - IR spectra in 
far infrared region (FIR) are obtained over the range 50 - 500 cm'^  using 
polyethylene technique at a resolution of 4 cm "''.The FT - IR spectra in mid 
infrared region (MIR) are recorded over the range 400 - 4000 cm'^  on a Nicolet 
Avtar - 360 FT - IR spectrophotometer, using KBr pellet technique. The traces of 
the spectra are shown in fig 6.1 to 6.6. The accuracy of the measurements was 
estimated to be with in ± 2 cm"\ 
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6.3 Structural Formula 
0,N 
Fig 6.1 2 - lodo - - nitro tolune 
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Table 6.1 - Fundamental frequencies (cm'^) and assignments for 2-iodo-
5-nitro toluene 
Raman 
Freq, 
(cm--") 
3085 
3067 
3017 
2973 
2922 
1639 
1603 
1516 
1475 
1420 
1379 
1340 
1267 
1255 
1207 
1125 
1097 
1013 
920 
807 
680 
558 
534 
375 
282 
235 
211 
185 
Int. 
0.5 
0.7 
0.3 
0.4 
0.2 
0.4 
0.4 
0.3 
0.3 
0.5 
7.5 
0.3 
0.3 
1.4 
0.1 
0.5 
0.2 
0.1 
0.7 
0.5 
0.3 
0.4 
0.2 
0.4 
0.4 
0.8 
0.2 
Species 
a' 
a' 
a' 
a" 
a" 
a' 
a' 
a' 
a" 
a' 
a' 
a' 
a' 
a' 
a' 
a' 
a' 
a' 
a' 
a" 
a' 
a" 
a" 
a' 
a' 
a' 
a" 
a" 
Probable 
Mode no. 
(Wilson 
notation) 
2 
20a 
20b 
~ 
-
8b 
8a 
19b 
~ 
19a 
— 
-
3 
13 
18a 
18b 
~ 
-
7b 
11 
1 
16a 
16b 
9a 
7a 
9b 
10b 
17a 
i assignments 
Description 
v(C - H) stretching 
v(C - H) stretching 
v(C - H) stretching 
vas stretching in CH3 group 
vas stretching in CH3 group 
v(C - C) stretching 
v(C - C) stretching 
v(C - C) stretching 
6 as deformation in CH3 group 
v(C - C) stretching 
6 s deformation in CH3 group 
vs stretching in NO2 group 
5 (C - C) i. p. bending 
v(C - CH3) stretching 
5 (C - C) i. p. bending 
S (C - C) i. p. bending 
rocking of CH3 group 
rocking of CH3 group 
v{C - NO2) stretching 
y (C - H) 0. p. bending 
7 (C - C) ring breathing 
y (C - C - C) 0. p. bending 
y (C - C - C) 0. p. bending 
5 (C - CH3) i. p. bending 
v(C - 1) stretching 
5 (C - 1) i. p. bending 
y (C - CH3) 0. p. bending 
y (C - 1) 0. p. bending 
V = stretching, 6 = in plane bending, y= out of plane bending vas= asymmetric stretching 
vs= symmetric stretching, 8 s = symmetric deformation, 5 as =asymmetric deformation. 
Visual estimates of the intensities have been given in the visual scale of 1 to 10. 
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Table 6.2 - Fundamental frequencies (cm'^) and assignments for 2-iodo-
5-nitro toluene 
Infrared Probable assignments 
Freq. Int. .Species Mode no. 
(cm"^) (Wilson Description 
notation) 
3077 5.5 a' 2 v(C - H) stretching 
3023 6.0 a' 20a v(C - H) stretching 
3015 7.0 a' 20b v(C - H) stretching 
2984 7.0 a" - vas stretching in CH3 group 
2938 6.5 a" - vas stretching in CH3 group 
2892 6.0 a' - vs stretching in CH3 group 
1646 10 a' 8b v(C - C) stretching 
1608 4.5 a' 8a v(C - C) stretching 
1510 0.5 a' 19b v(C - C) stretching 
1454 3.0 a" - 8 as deformation in CH3 group 
1423 5.0 a' 19a v(C - C) stretching 
1375 3.0 a' - 5 s deformation in CH3 group 
1340 0.0 a' - Vs stretching in NO2 group 
1265 4.0 a' 3 8 (C - C) i. p. bending 
1254 1.5 a' 13 v(C - CH3) stretching 
1192 5.0 a' 18a 8 (C - C) i. p. bending 
1130 6.0 a' 18b 8 (C - C) i. p. bending 
1090 5.0 a' - rocking of CH3 group 
1008 3.0 a' - rocl<ing of CH3 group 
992 3.0 a" 17b y (C - H) o. p. bending 
946 8.0 a" 5 y (C - H) 0. p. bending 
923 8.0 a' 7b v(C - NO2) stretching 
854 2.0 a' - 8 s deformation in NO2 group 
810 1.5 a" 11 y (C - H) 0. p. bending 
746 1.0 a' 12 8 (C - C - C) i. p. bending 
669 7.0 a' 1 y (C - C) ring breathing 
577 7.0 a" 16a y (C - C - C) o. p. bending 
515 6.0 a" 16b y (C - C - C) 0. p. bending 
477 8.0 a' 6a 8 (C - C - C) i. p. bending 
431 8.0 a' 6b 8 (C - C - C) i. p. bending 
380 6.4 a' 9a 8 (C - CH3) i. p. bending 
295 7.0 a' 7a v(C -1) stretching 
273 6.1 a' 15 8 (C - NO2) i. p. bending 
241 7.0 a' 9b 8 (C -1) i. p. bending 
207 7.2 a" 10b y (C - CH3) o. p. bending 
187 7.5 a" 17a y (C -1) o. p. bending 
167 6.8 a" 17b y (C - NO2) o. p. bending 
147 7.7 a" - torsion in CH3 group 
1"^ ° 8 0 a" - torsion in NO2group 
V = stretching, 8 = in plane bending, y= out of plane bending vas= asymmetric stretching 
vs= symmetric stretching, 6s = symmetric deformation, 8as =asymmetric deformation. 
Visual estimates of the intensities have been given in the visual scale of 1 to 10. 
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Table 6.3 - Assignment of overtones, combination and difference 
frequencies in 2-iodo -5-nitro toluene 
Vibrational Species Assignment 
Frequency, cm"^  
51 
93 
131 
138 
318 
408 
423 
482 
492 
662 
825 
885 
1431 
1438 
1570 
1685 
1692 
1708 
1738 
1754 
1815 
1831 
1846 
1862 
1885 
1954 
2308 
2569 
2838 
3131 
3162 
3415 
3454 
3746 
3769 
3815 
A' 
A", A" 
A", A" 
A" 
A' 
A" 
A' 
A', A" 
A' 
A' 
A' 
A' 
A" 
A" 
A", A' 
A' 
A" 
A' 
A" 
A' 
A" 
A" 
A', A" 
A' 
A" 
A" 
A" 
A' 
A" 
A' 
A' 
A", A" 
A' 
A' 
A' 
A' 
431 - 380 
241 - 147, 3077 - 2984 
241 -110, 3023-2892 
1130-992 
1510-1192 
923-515 
854-431 
2x241, 187 + 295 
923 - 431 
147 + 515 
992-167 
1265 - 380 
577 + 854 
515 + 923 
147 + 1423, 577 + 992 
431 + 1254 
746 + 946 
2x854 
746 + 992 
746+ 1008 
207 + 1608 
577+ 1254 
2x923, 854 + 992 
854+1008 
431 +1454 
946+ 1008 
854+1454 
923 +1646 
992+ 1646 
147 + 2984 
147 + 3015 
431 + 2984, 477 + 2938 
431 + 3023 
854 + 2892 
746 + 3023 
923 + 2892 
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6.4 Result and Discussion 
Almost all the bands observed in the entire region are analyzed in terms of 
fundamental frequencies overtones, combinations and differences as reported in 
tables 1-2. In (2-1 5-NT) molecule, parent ring is a benzene ring; therefore, the 
same nomenclature as that used in benzene is adopted to designate the various 
type of fundamental mode of vibrations. The replacement of the hydrogen by the 
substituent groups, no doubt, changes the value of the fundamental frequencies 
quite appreciably. Substitution of the hydrogen also changes the point group 
symmetry from Deh corresponding to benzene to Cs, if the NO2 and CH3 are 
regarded as point masses. (2-1 5-NT) will have in addition to 30 benzene like 
vibrations, six NO2 vibrations and nine CH3 vibrations, making up a total of 45 
fundamental vibrations. All the assignments are made as follows by comparison 
of the experimental frequencies and assignments reported earlier [1-3] in similar 
molecules. 
Stretching vibrations (v) 
C - H and C - X stretching -
Benzene has six modes of (C-H) stretching vibrations denoted by the 
numbers 2, 20a, 20b, 7a, 7b, and 13 in Wilson's notations these have the 
frequencies 3062 (aig), 3080 (eiu), 3046 (esg), and3060 cm-"" (biu) respectively. In 
case of tri - substituted benzenes, out of six (C - H) stretching vibrations, three 
remain pure (C - H) stretching vibrations while the remaining three frequencies 
would be (C - X) stretching (X = substitution for H atom) and will be depending 
on the masses of the substituents. The three (C - H) stretching frequencies do 
not change due to substitution and lie in the range 3000 - 3100 cm'V The (C - X) 
stretching frequencies decrease considerably [6] below 1200 cm\ If the 
substituents, are light (atomic mass less than 25) these frequencies will lie above 
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1000 cm"''. Thus utilizing the mode of assignments in the tri substituted benzene 
by N. Syam Sundar et al [1], D.K Rao et a! [2] and D. Premaswarup et al [3] for (2 
- I 5- NT) molecule the frequencies (R 3085, IR 3077),(R 3067,IR 3023), (R 
3017, IR 3015) cm'^  have been assigned as (C - H) stretching frequencies, these 
frequencies correspond to modes 2, 20a and 20b respectively. The frequencies 
(R 1255, IR 1254), (R 920, IR 923) and (R 282, IR 295) cm'"" have been assigned 
as (C- CH3), (C - NO2) and (C-l) stretching frequencies. These frequencies 
correspond to the modes 7a, 7b, and 13 respectively. All these assignments 
agree well with the results of the reference workers. [1-3, 6-8] 
C-C stretching vibrations 
According to R.P.Singh and R.N.Singh [6], there are six normal modes of 
benzene, which belong to this group namely 8a, 8b, 19a, 19b, 14 and 1. The v(C-
C) stretching vibrations of benzene come around 1600 cm'"* and correspond to a 
degenerate e2g mode 8(8a&8b). In substituted benzenes, the degeneracy should 
be removed and the two components should appear near 1600 cm'^  giving rise to 
fairly strong bands in infrared and Raman spectra. Thus, the strong bands at 
(R1639, IR 1646) and (R 1603, IR1608) cm'^  are assigned to mode 8a, 8b 
respectively. It could be seen that we have taken 8a>8b. This is done in order to 
be in accordance with the results of normal mode analysis of tri-substituted 
benzenes. [9,10] 
The pair of vibration 19a and 19b arises from eiu mode of benzene. They 
are usually strong in infrared and are expected in the range 1400 - 1500 cm""". 
There are two bands at (R 1420, IR 1423) and (R 1510, IR 1516) cm\ whose 
origin can be attributed to mode 19a and 19b respectively. 
The vibration mode 14, called the kekule mode, belongs to b2u species of 
benzene, expected near 1300 cm\ in di - substituted benzenes. A correct 
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assignment of this band is complicated by the fact that the 6(C- C) in plane-
bending mode 3 also occurs in this region. The frequencies (R1267 IR 1265) cm'"* 
observed in (2-1 5-NT) have been assigned to mode 3. Our assignment is in 
agreement with the assignments made in flouro nitro toluene's by N.Syam 
Sundar et. al. [1].The frequencies (R 680, IR 669) cm"'' have been assigned to the 
mode 1 in accordance to assignments made by earlier workers. [1-5] and the 
frequency range with that given by Asthana et. al.[11l 
In - plane Bending vibrations 
(C'H) and (C-X) S vibrations 
The C-H in plane bending modes lie in the region 1000 - 1300cm'''. These 
arise due to a2g (1340 cm'^), e2g (1178 cm"^), b2u (1152 cm'^) and biu (1037 cm"^ ) 
modes of benzene denoted by Wilson's numbers 3, 9a, 9b, 15, 18a, and 18b, 
respectively, in tri - substituted benzene derivatives, three modes of vibrations 
remain almost unchanged and are called (C-H) 5 vibrations, while three 
modes change considerably in frequency and are called (C-X) 6 vibrations. 
The frequencies for (C-H) 5 modes have been assigned at (R 1267, IR 1265), (R 
1207, IR 1192), and (R 1125, IR 1130) cm"^  in agreement with the observations 
of several workers [1-3] and following the suggestions of varsanyi [12]. These 
frequencies will originate from the mode 3, 18a, and 18b. The frequencies for (C-
X) 6 modes have been assigned at (R 375, IR 380), (IR 273) and (R 235, IR 241) 
cm" as C-CH3, C-NO2 and C-i vibrations respectively corresponding to the mode 
9a, 15 and 9b respectively. These assignments are in good agreement [13-15] 
and the frequency range with that given by C.N.Rao [16], Vasanyi. [12] 
3.2.2. C-C-C in plane bending: -
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The normal modes 6a, 6b, and 12 are regarded as the (C-C-C) 6 
vibrations. The frequencies (IR 477), (IR 431), (R 558, IR 577) cm-\ have been 
identified as (C-C-C) in plane bending vibrations. The above assignments are 
with in frequency range given by varsanyi [12], for similar compounds and find 
support from the studies of other workers. [17,18] 
Out of plane bending 
(C-H) and (C-X) out of plane bending vibrations 
The modes 5, 17a, 17b, 10a, 10b, and 11 with frequencies (958) bag, 
(975)e2u, (849) eig, (673) a 2u, represents (C- H) y. These vibrations have been 
observed at (IR 946), (IR 992), (R 807, IR 810) cm""" in (2-1 5NT) corresponding to 
modes 5, 17b, and 11 respectively. The frequencies (R 185, IR 187), (R 211, IR 
207) cm'"" have been identified as C-l and C-CH3 out of plane bending vibrations 
corresponding to modes 17b, and 10b respectively. Our assignments find support 
from the work of Green et al. [17] and are with in frequency range given by 
varsanyi. [12] 
C-C-C out of plane bending vibrations 
The normal modes 4, 16a, and 16b, are regarded as the (C-C-C) y 
vibrations. The frequencies (R 558, IR 577), (R 534, IR 515) cm'^ have been 
identified as C-C-C out of plane bending vibrations. Our assignment find support 
from the work of several workers. [1,19,20] 
Internal vibrations of methyl group (CH3 group) 
There must be three C-H stretching modes (two asymmetric and one 
symmetric type). The frequencies of asymmetric vibrations are higher than that of 
symmetric one. According to N.B.Colthup [21] these frequencies appear around 
fairly constant regions of 2960 cm"^  and 2870 cm"^  respectively. R.A. Yadav et. al. 
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[22] have assigned symmetric and asymmetric C-H stretching modes in CH3 
group in o-m-p- methoxy benzaldehydes within the frequency range (2829 - 2863 
) cm""* and (2945 - 2965) cm'"* respectively. In the present case the frequencies 
(R 2973, IR 2984) and (R2922, IR 2938) cm'^ are taken as asymmetric C-H 
stretching modes and (IR 2892) cm'^  as symmetric C-H stretching mode in 
CHs.These assignments find support from the work of Fusion et. al. [23] 
D.Premawarup. et. al. [5] 
The rocking vibrations of CH3 group interact with other modes. As a result 
of, this interaction, the rocking mode frequencies do not appear consistently. 
Several workers [24,25] have assigned these vibrations at about 1170+40 cm'"'. 
D. Premaswarup et. al. [5] have assigned out of plane rocking mode of CH3 group 
at 1050 cm"^  in 2-bromo -5- nitro toluene, at 1090 cm"^  in 2-bromo -4 - nitro 
toluene, at 1080 cm'"' in 4-chloro-3-nitro toluene, respectively. In the present case 
the frequencies at (R 1090, IR 1097), (R 1008, IR 1013) cm'^ are assigned to this 
mode. Our assignment find support from the work of several workers. [3,11,17] 
A literature survey [26-28] reveals that in xylene the CH3 torsional mode 
appears at about 180 cm"\ We have observed tentatively this vibration at about 
(IR 147) cm"^  
Internal mode of vibration of NO2 group 
The symmetric stretching of the substituent NO2 group have been in the 
region (1338-1351) cm"'' by various workers. In present case, the frequencies 
(R1340, IR 1340) cm""" have been assigned to the symmetric stretching mode in 
NO2 group, in accordance to the assignments made by previous workers. [29-32] 
NO2 deformation vibration has been assigned to the band observed at (IR 
854) cm'\ these vibrations have been reported in the region 824 - 890 cm"^  by 
many workers. [29-33] The band observed at (IR 167) cm"^  has been assigned to 
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C-N02 out of plane bending vibration in (2-1 5-NT). D.K.Rai et.al [2]. lias identified 
this vibration at 150 cm"^  in 4-clnloro 2-nitro toluene. Torsion mode vibration in 
NO2 group has been observed at 110cm"^ in (2-1 5-NT), Syam sundar et.al 
[1]. has suggested this vibration in the region 111-120 cm'"' in fluoro nitrotoluenes. 
6.5 T h e r m o d y n a m i c Funct ions 
The thermodynamic functions of pyridine, benzene derivatives, p -
Fluorobenzyl Alcohol, 2,3 - dimetoxy toluene, Trifluoromethylbenzoyl Chlorides, 
6 - azauracil, 5 - lodourcil, 6 - methyluracil, bio - molecules, have been the 
subject of many investigators [34-41], as the thermodynamical properties of a 
molecule may be computed more accurately than measured, using fundamental 
frequencies of a molecule, therefore, it was considered worthwhile to study the 
thermodymic properties of (2-1-5-NT). The ideal gas state thermodynamic 
functions are computed in the temperature range 100 - 1500 K utilizing the 
spectroscopic data given in table 1. The numerical values for the thermodynamic 
functions in ideal gas state as given in table 3 are computed as described earlier 
[21,41,42]. 
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Table 6.4 - Calculated values of thermodynamic functions 
2 - lodo - 5 - nitro toluene 
Temp 
100 
200 
300 
400 
500 
600 
700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 
X= hcoc/Kt 
cal/mol/°K 
650.0107 
325.0053 
216.6702 
162.5027 
130.0021 
108.3351 
92.8587 
84.3004 
72.2234 
65.0012 
59.0919 
54.1676 
50.0008 
46.4293 
43.3341 
Enthalpy 
cal/mol/°K 
3.1706 
8.6756 
13.5275 
17.9886 
22.0791 
25.7739 
29.0854 
31.2252 
34.7088 
37.1023 
39.2648 
41.2256 
43.0098 
44.6385 
46.1300 
Heat Capacity 
cal/mol/°K 
8.9539 
18.9142 
27.4414 
35.1171 
41.5480 
46.7643 
51.0019 
53.5453 
57.3899 
59.8293 
61.8935 
63.6498 
65.1512 
66.4405 
67.5526 
(-) Free Energy 
cal/mol/°K 
1.2908 
5.2202 
9.6712 
14.1822 
18.6429 
23.0010 
27.2274 
30.1429 
35.2396 
39.0226 
42.6619 
46.1639 
49.5352 
52.7831 
55.9145 ' 
Entropy 
cal/mol/°K 
4.4614 
13.8958 
23.1987 
32.1108 
40.7220 
48.7749 
56.3128 
61.3681 
69.9484 
76.1249 
81.9267 
87.3895 
92.5450 
97.4216 
102.0445 
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Chapter - VII 
LASER RAMAN AND FTIR SPECTRA OF 
4 - FORMYL BENZOIC ACID 
7.1 Introduction 
Vibrational spectra of benzoic acid and substituted benzoic acids have 
been studied by several worker's [1-12]. It seems that the infrared spectra of 
these molecules were reported earlier only. The Raman spectra of the same 
molecules do not seem to have been investigated so far. In order to extend the 
study further, present paper deals with the detailed Vibrational study of 4 -
Formyl benzoic acid (4 - FBA). The FT - infrared and FT - Raman spectra were 
recorded in mid infrared and far infrared regions and obsen/ed bands are 
assigned in terms of fundamentals and combinations. 
Vibrational assignments of such complicated molecules have been 
performed by taking the help of similar vibrations observed in similar molecules. 
These studies will be helpful to identify ground state vibrations of the above 
benzene derivative, and to enable us to propose a consistent assignment for C-X 
modes and the internal modes of the substituent groups and to study the effects 
of these substituents on the phenyl ring modes. These frequencies observed in 
FT-Raman and FT-IR spectra were then used as ground state vibrations, to 
confirm excited state vibrations of (4 - FBA) with the help of the electronic 
spectra. 
7.2 Experimental details 
Commercially available (4 - FBA) molecule of spec pure grade was used 
without further purification for recording, the FT - Raman and FT - IR spectra. 
The FT - Raman and FT - IR spectra of (4 - FBA) were recorded using Bruker 
IFS 66V FT - IR / FT - Raman spectrometer having a resolving power of 0.1 
cm". The FT - Raman spectrum of the powder sample over the range 50 - 3500 
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cm'"' are recorded using Nd - YAG laser, at wavelength 1064 nm and power 200 
MW and a germanium diode detector. The FT - IR spectra in far infrared region 
(FIR) are obtained over the range 50 - 500 cm"^  using polyethylene technique at 
a resolution of 4 cm ~\The FT - IR spectra in mid infrared region (MIR) are 
recorded over the range 400 - 4000 cm'^  on a Perkin - Elmer FT - IR 
spectrophotometer, using KBr pellet technique. The traces of the spectra are 
shown in fig 7.2 - 7.6. The accuracy of the measurements was estimated to be 
with in ± 2 cm'\ 
7.3 Structural Formula 
HOOC 
H - C - 0 
Fig 7.1 4 - Formyl Benzoic Acid 
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Table 7.1 - Fundamental frequencies (cm"^) and assignments for 
4 - Formyl benzoic acid 
Freq. 
(cm-') 
3079 
2835 
2740 
1684 
1611 
1504 
1450 
1415 
1285 
1209 
1169 
1130 
1115 
1013 
849 
778 
672 
369 
296 
171 
Raman 
Int. 
0.5 
0.2 
0.1 
0.7 
2.0 
0.1 
0.1 
0.1 
0.2 
0.2 
0.5 
0.2 
0.2 
0.1 
1.0 
0.2 
0.1 
0.2 
0.2 
0.3 
Species 
a' 
a' 
a' 
a' 
a' 
a' 
a' 
a' 
a' 
a' 
a' 
a' 
a' 
a' 
a' 
a" 
a" 
a' 
a" 
a' 
Probable assignments 
Mode no. 
(Wilson 
notation) 
2 
~ 
-
8a 
19a 
19b 
-
~ 
13 
~ 
9a 
9b 
-
~ 
~ 
4 
-
-
15 
Description 
v(C - H) stretching 
v(C - H) stretching 
v(C-H) stretching in CHO group 
v(C = 0) s dimer 
v(C - C) stretching 
v(C - C) stretching 
v(C - C) stretching 
5(0-H) 1. p. bending 
v(C = 0) stretching 
v(C - COOH) stretching 
v(C - CHO) stretching 
5 ( C - H ) i. p. bending 
5 ( C - H ) i. p. bending 
ring breathing 
6 (OCO) i. p. bending 
y (C = 0) wagging mode 
y (C - C) 0. p. bending 
5 ( C - 0 H ) i. p. bending 
y (C - CHO) 0. p. bending 
5 ( C - C H 0 ) i. p. bending 
V = stretching, 5 = in plane bending, y= out of plane bending Vas= asymmetric stretching 
vs= symmetric stretching, 6 s = symmetric deformation, 8 as =asymmetric deformation. 
Visual estimates of the intensities have been given in the visual scale of 1 to 10. 
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Tab le 7.2 - Fundamental frequencies (cm'^) and assignments for 
4 - Formyl benzoic acid 
Infrared 
Freq. 
(cm"") 
3288 
3018 
2995 
2835 
2740 
1693 
1556 
1498 
1419 
1387 
1293 
1200 
1105 
1007 
943 
856 
849 
677 
460 
457 
368 
336 
296 
224 
203 
188 
170 
93 
51 
Int. 
1.1 
1.0 
1.0 
1.0 
0.4 
1.4 
1.7 
1.1 
1.4 
0.7 
0.8 
1.1 
2.2 
1.8 
1.0 
1.1 
2.1 
3.0 
2.9 
4.7 
5.8 
3.8 
5.9 
5.2 
5.1 
5.2 
5.0 
6.2 
Species 
a' 
a' 
a' 
a' 
a' 
a' 
a' 
a' 
a' 
a' 
a' 
a' 
a' 
a' 
a" 
a" 
a' 
a" 
a" 
a" 
a' 
a' 
a" 
a" 
a" 
~ 
a' 
-
" 
Probable assignments 
Mode no. 
(Wilson 
notation) 
„ 
20a 
20b 
-
-
8b 
19a 
-
~ 
-
13 
7a 
~ 
-
-
-
4 
16b 
16a 
-
3 
-
-
17b 
-
15 
-
~ 
Description 
v(0 - H) stretciiing 
v(C - H) stretching 
v(C - H) stretching 
v(C - H) stretching 
v(C-H) stretching in CHO group 
v(C = 0) as dimer 
v(C - C) stretching 
v(C - C) stretching 
6(0-H) i. p. bending 
6(C-H) i. p. bending in CHO group 
v(C = 0) stretching 
v(C-COOH) stretching 
6 (C - H) i. p. bending 
ring breathing 
y (C - H) 0. p. bending 
Y (C - H) 0. p. bending 
8 (OCO) i. p. bending 
y (C - C) 0. p. bending 
y (C - C) 0. p. bending 
y (C - C) 0. p. bending 
5 (C - OH) i. p. bending 
5 (C - COOH) i. p. bending 
y, (C-CHO)o. p. bending 
y (C - OH) 0. p. bending 
y (C - COOH) o. p. bending 
hydrogen bond vibration 
5 (C - CHO) i. p. bending 
hydrogen bond vibration 
hydrogen bond vibration 
V = stretching, 5 = in plane bending, y- out of plane bending Vas= asymmetric stretching 
vs= symmetric stretching, 5 s = symmetric deformation, 5 as =asymmetric deformation. 
Visual estimates of the intensities have been given in the visual scale of 1 to 10. 
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Table 7.3 - Assignment of overtones, combination and difference 
frequencies For 4 - Formyl benzoic acid 
Vibrational Species Assignment 
Frequency, cm"^  
631 
1566 
1668 
2072 
2358 
2891 
A', A" 
A" 
A' 
A', A" 
A" 
A' 
170 + 460,296 + 336 
460+ 1105 
170 + 1498 
460+ 1611, 778+ 1293 
943+1415 
1387+ 1504 
7.4 Result and discussion 
Almost all the bands observed in the entire region are analyzed in terms of 
fundamental frequencies overtones, combinations and differences as reported in 
tables 7.1 to 7.3. In (4 - FBA) molecule, parent ring is a benzene ring; therefore, 
the same nomenclature as that used in benzene is adopted to designate the 
various type of fundamental mode of vibrations. The replacement of the hydrogen 
by the substituent groups, no doubt, changes the value of the fundamental 
frequencies quite appreciably. Substitution of the hydrogen also changes the 
point group symmetry from Deh corresponding to benzene to Cs, if the COOH and 
CHO are regarded as point masses. (4 - FBA) will have in addition to 30 benzene 
like vibrations, nine COOH vibrations and six CHO vibrations, making up a total 
of 45 fundamental vibrations. All the assignments are made as follows by 
comparison of the experimental frequencies and assignments reported earlier 
workers [1 - 19]. in benzoic acid, its derivatives and other similar substituted 
benzene molecules. 
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As assignments are clear from the table 7.1 and 7.2, therefore the 
discussions are confined to some important vibrations. The very broad band 
observed at (R 3288 cm'"') is assigned to the 0-H stretching vibration of a 
hydrogen bonded cyclic dimer. The C = O stretching is a characteristic frequency 
of Carboxylic group. The dipole moment derivatives of the COO in plane bending 
mode and C = O stretching mode are very large, splittings with marked frequency 
differences may be expected for these modes and the out of phase C = O 
stretching mode should has a higher frequency than the in phase mode [17]. The 
bands at v as ( IR 1693 cm"^ ) and v s (R 1684 cm'^ ) are assigned to the C = 0 
asymmetric and symmetric stretching vibrations of the cyclic dimer respectively. 
O - H in plane bending and C = O stretching vibrations are closely coupled. In 
the present investigation, these are appeared at (IR 1419, R 1415) cm'^and at 
(IR 1293, R 1284) cm-\ 
The C - CHO stretching mode falls in the region where other planar 
modes also expected to appear. Hence, this mode is likely to have strong 
interaction with the other fundamental modes. In present investigation this mode 
is assigned at (IR 1169) cm"''. Our assignment is in agreement with the 
assignment made by R. A. Yadav et.al. [14] in similar compounds. 
The C - H stretching mode in CHO group is assigned at the frequency (IR 
2740, R 2740) cm"^  for 4- Formyl benzoic acid. R. A. Yadav et. al. have assigned 
tish mode of vibration with in the range (2740 - 2752) cm"'' in isomeric methoxy 
benzaldehydes [14]. 
The C - H planar bending mode of the CHO group is assigned in a very 
narrow region (1380 - 1400) cm"'' for benzaldehydes and its derivatives [20-23] In 
the present case C - H planar bending mode of CHO group have been observed 
at(IR1387)cm"\ 
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7.5 Thermodynamic Functions 
The thermodynamic functions of pyridine, benzene derivatives, p -
Fluorobenzyl Alcohol, 2,3 - dimetoxy toluene, TrifluoromethylbenzoyI Chlorides, 
6 - azauracil, 5 - lodourcil, 6 - methyluracil, bio - molecules, have been the 
subject of many investigators [24-35] as the thermodynamical properties of a 
molecule may be computed more accurately than measured, using fundamental 
frequencies of a molecule, therefore, it was considered worthwhile to study the 
thermodymic properties of 4 - Formyl benzoic acid. The ideal gas state 
thermodynamic functions are computed in the temperature range 100 - 1500 K 
utilizing the spectroscopic data given in table 7.1 and 7.2. The numerical values 
for the thermodynamic functions in ideal gas state as given in table 7.3 are 
computed as described earlier [24, 34, 35]. 
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Table 7.4 - Calculated values of thermodynamic functions 
Temp X= hcoc/Kt Enthalpy 
cal/mol/°K 
Heat Capacity 
cal/mol/ K 
(-) Free Energy Entropy 
cal/mol/"K cal/mol/K 
100 
200 
300 
400 
500 
600 
700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 
650.9173 
325.4586 
216.9724 
162.7293 
130.1835 
108.4862 
92.9882 
84.4180 
72.3241 
65.0917 
59.1743 
54.2431 
50.0706 
46.4941 
43.3945 
4.0186 
8.8281 
12.8579 
16.5902 
20.1080 
23.3733 
26.3657 
28.3292 
31.5698 
33.8241 
35.8777 
37.7519 
39.4664 
41.0382 
42.4827 
9.3070 
17.4456 
24.3815 
31.1097 
37.0962 
42.1508 
46.3616 
48.9235 
52.8312 
55.3258 
57.4431 
59.2477 
60.79.22 
62.1194 
63.2647 
2.4697 
6 7907 
11.1475 
15.3626 
19,4468 
23.4056 
27.2369 
29.8807 
34.5102 
37.9549 
41.2765 
44.4798 
47.5704 
50.5535 
53.4348 
6.4883 
15.6188 
24.0054 
31.9528 
39.5548 
46.7789 
53.6026 
58.2089 
66.0800 
71.7790 
77.1542 
82.2317 
87.0368 
91.5917 
95.9175 
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Chapter - VI I I 
COMPARATIVE STUDY 
Common vibrations obtained in the various steroids have been 
collected in the following table. From the table it is quite evident the most of the 
similar vibrations have been obtained at near about the same values. Similar 
vibrations have been described due to the fact that they from the core vibrations 
of the said molecules. 
Various vibrations corresponding to different atomic groups in a 
molecules have been discussed to particular normal mode of vibration. These 
vibrations are the characteristic vibrations of the molecule through which the 
molecule is identified and its symmetry and structure are determined. 
Characteristic vibrations are important in the sense that they exhibit the whole 
profile and nature of the molecule. Vibrations which are obtained as combination 
and overtone, give the strength to the assignments of fundamental vibrations. On 
the whole vibrational spectroscopy provides the main quality and made of activity 
of a certain molecular group in a particular molecular configurations. Since these 
vibrations are obtained responsible to describe the stability of the molecule as a 
whole. These are the basic inferences which can be drawn from the infrared 
Raman vibrations provide the confirmation of molecular vibrations obtained in the 
infrared spectrum. Both the data obtained in infrared and Raman spectra give the 
significance of the exact molecular structure which is the most stable one and 
can be used to correlate the vibrational informations obtained in the excited 
electronic state. 
Recently in March 2003, Bio - Benzene has been described by the 
scientists in Thailand. This aromatic compound has been extracted from 
biological components of living organisms. Our studies in the infrared and Raman 
spectra of organic compounds will be again helpful in studying the behaviour of 
bio - benzene and its derivatives. 
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Abstract : Chloro, Bromo, lodo and Acetate derivatives of C6 - spiro steroidal tctrazine, have been prepared. Infrared spectra of these derivatives 
aAd tlie parent compound have been recorded in the range 650-4000 cnr'. Vibrational analysis has been performed in terms of various fundamental 
vibrations and combinations of these vibrations. These compounds exhibit some interaction vibrations, which indicate the nature of complexities in 
such big molecules. Assignments of all the observed frequencies are proposed and thermodynamic functions calculated for a few temperatures in the 
range from 100 to 1500 K. 
Keywords : Infrared spectra, ihentiodynainic ftinclions, steroidal spiro tetrazines, vibrational analysis 
PACS Nos. : 33.20.Ea, 33.20.Tp, 82.60.Lf 
1. Introduction 
Steroids were first developed in I930's. Tlie Germans first 
experimented on dogs then on their own soldiers in the Second 
V o^rid War, as well as then on their prisoners to help them stay 
healthy [1]. Theij in 1950's many Russian and European athletes 
, began to find that steroids were very beneficial to their goal. A 
decade latef'steroids were used in medicine, as steroids are 
medicinal cotripound exhibiting a lot of potentialities to form 
' other complicated organic compounds, which are more useful 
' in fhe'complex diseases. Infrared spectra of steroids are complex 
• due to the fact that its structure is not a simple and uniform one. 
We have to analyse the infrared spectra by indirect methods 
namely, selecting the known fundamentals and combination of 
these fundamentals. Most of the time, these fundamentals and 
combinations explain the occurrence of interaction vibrations, 
hydrogen-bonding vibrations and other conformation 
vibrations. These complicated vibrations should be very 
carefully identified on the basis of their intensities, their 
occurrence with various fundamentals and their approximate 
magnitudes. 
2. Experhnental technique 
The above compounds have been prepared in Steroidal 
Research Laboratory, Department of Chemistry, A.M.U. Aligarh 
[2], and these compounds were used as such with KBr in the 
form of a circular disc to record the infrared spectra. Infrared 
spectra were recorded on Perkin-Elmer model - 237 infrared 
spectrophotometer. The appearance of the spccira is quilc good 
and sharp. Five infrared spectra are being reported here. They 
have been reproduced in the separate sheet of paper. Vibrational 
frequencies have been reported with the accuracy of ± 5 cm"'. 
All infrared spectra have been recorded in the region 6^0-4000 
cm"'. Visual estimates of the intensities have been given in the 
visual scale of 1 to 10. About 35 to 60 bands have been obtained 
in each infrared spectrum. 
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3. Structural formula Table 1. Obicrved infrared frequencies for 6'(7' H)-oxo spiro Cja-
eholestan] 6.3' (4'H)-[2H Ihiazolo [3, 2-b]-5-telrazine. 
R H H 7 \ 
H-N| N-
N \ N 
Ys 
R = (H,Cl,Br,I,andOAc) 
(i) 6' (7' H)-oxo spiro [5a - cholestan] 6, 3' (4'H)-[2H) 
Thiazolo [3,2-b]-5'tetrazine. (or) [C6-SPT] 
(ii) 6' (7' H)-oxo spiro [3P- Chloro-5a-cholestan] 6,3' (4' 
H)-[2H] Thiazolo [3, 2-b] - 5 - tetrazine. (or) [C6 -
ChloroSPT] 
(iii) 6' (7' H)-oxo spiro [3(3- Bromo-5a - ciiolestan] 6, 3' 
(4'H)-[2H] Thiazolo [3,2-b]-5-tetrazine. (or) [C6 -
BromoSPT] 
/iv) 6'(7' H)-oxo spiro [3|3-Iodo-5a- cholestan] 6,3' (4'H)-
[2H] Thiazolo [3,2-b] - 5 -tetrazine. (or) [C6-Iodo 
SPT] 
(v) 6'(7' H)-oxo spiro [3p- acetoxy-5a - cholestan] 6, 3' 
(4'H)-[2H] Thiazolo [3, 2-b]-5-tetrazine. (or) [C&-
Acetoxy SPT] 
4. Discussion and analysis 
These . VIVACS, {A-ct(n 
Chloro, Bromo, lodo, and acetate derivatives of C6-spiro-
steroidal tetrazines have been reproduced in the form of their 
molecular structure contains various nngs^afltHhefras.socialion 
with various molecular bonds. H in the position of 3(3 has been 
replaced by Chlorine, Bromine, Iodine and acetate group. All 
the four derivatives and the parent molecule belong to C^ point 
group because there is only one plane of symmetry i.e. plane of 
molecule. There will be only two types of vibrations that are a' 
(planer) and a" (non-planer). The observed fundamental 
frequencies and probable assignments are presented in Tables 
l t o5 . 
A.R.H. Cole and his Collaborators [3-5] suggested angular 
methyl group bending vibrations for the methyl group in between 
two six-membered rings (C,g) and in between a five and a six-
membered rings (C,g) within the region (1374-1392) cm"' and 
(1372-1383) cm-'respectively. The bands observed at 1385, 1370 
cm-' in(C6-SPT), 1380,1375, cm"' in (Chloro C6-SPT), 1390, 
1365, cm:' in (Bromo C6-SPT), 1390, 1375, cm"' in (lodo C6-, 
SPT), and 1385, 1375, cm-' in (Acetoxy C6-SPT), have been 
I.R. frequency 
(in cm"') 
685 
705 
730 
750 
1065 
1 120 
1140 
1 205 
1240 
1260 
1305 
1370 
1385 
1435 
1470 
1630 
1760 
1795 
2070 
2100 
2130 
2240 
2500 
2880 
2940 
2955 
3080 
3100 
3140 
3260 
3440 
3570 
3630 
3640 
3890 
Int 
5 8 
6.5 
6.7 
5 9 
6 7 . 
3.4 
5.8 
6 4 
6.1 
6.3 
4.2 
4.2 
3.6 
3.3 
2.7 
3 2 
6.6 
6.8 
6.9 
6.8 
6 7 
6.5 
6.4 
1 3 
0.7 
0.8 
3.8 
3.7 
3.2 
3.9 
5.5 
6.8 
6.1 
6.1 
6.0 
Species 
a' 
a" 
a" 
a" 
a" 
a' 
a' 
a' 
a' 
a' 
a' 
a" 
a" 
A', A" 
a" 
a' 
a' 
A' 
A" 
A' 
A' 
A' 
A' 
a' 
A' 
a" 
a' 
A" 
a' 
A' 
a' 
A' 
A" 
A" 
A" 
Assignment 
C - S stretching 
C - H bending o o p 
C - H bending o o p 
C - H bending o o p 
C - CH, rocking 
C - H bending i.p 
C - H bending i.p. 
C - H bending i p 
C - H bending i.p 
C - N stretching 
C - H bending i p 
angular methyl group between a 
five & a six membered ring C,, 
angular methyl group between two 
six membered rings C,,, 
(705 + 730), (685 + 750) 
CH, out of phase delormation 
C = N linkage 
C = 0 stretching 
(730 + 1065) 
(685 + 1385) 
(730 + 1370) 
(2 X 1065) 
(1120 + 1140) 
(1240 + 1260) 
Ch, in phase stretching 
(2 X 1470) 
CH, out of phase stretching 
C - H stretching 
(1470 + 1630) 
C - H stretching 
(2 X 1630) 
N - H stretching 
(2880 + 685) 
(7.50 + 2880) 
(685 + 2955) 
(750 + 3140) 
assigned for angular methyl bending vibrations methyl gioup '? 
in between two-six membered rings and in between five and six-
membered rings respectively. 
In the steroidal series, a limited number of compounds have 
been studied, and the results indicate that equatorial substitution 
leads to bands in the (750-700 cm"') region, whereas axial 
substitution results i'n absorption in the (590-690 cm"') range 
[6]. The bands observed at 650 cm"' and 720 cm"' have been 
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Table 2. Observed infrared frequencies for 6'(7' H)-oxo spiro ["ia-
cholestanl 6,3' (4'H)-[2H thiazolo [3. 2-b]-5-letrazine 
Tabic 3. Observed infrared frequencies for 6'(7' H)-o\o spiro [3(i broiuo'-
5a-cholcsl.iiiI 6 V {4'H)-[2H] thiazolo [3 2-b]-5-le(razine 
I R frequency 
(in cm"') 
620 
700 
720 
730 
750 
765 
1060 
1080 
1110 
1150 
1210 
; 2 4 0 
1260 
1310 
1340 
1375 
1380 
1390 
1450 
1470 
1500 
1610 
1680 
1730 
1760 
1810 
1825 
1880 
I960 
199-C 
2040 
2 I I 0 
2200 
2420 
2640 
2720 
2850 
2870 
2920 
2960 
3035 
3100 
3420 
3620 
3660 
Int 
6 4 
5 6 
6 4 
6 4 
5 8 
5 6 
6 5 
5 3 
5 3 
5 8 
6 5 
63 
6 2 
6 2 
5.4 
5 0 
5,7 
4 6 
3 7 
3 1 
6 0 
1 0 
2 0 
4 3 
5 1 
5 3 
5 3 
5.4 
5 4 
5.3 
5.2 
5 3 
5.2 
5.1 
5 0 
4.7 
2 6 
2 2 
2 0 
1.5 
4 1 
3 6 
4 2 
4 8 
4 8 
Species 
a' 
a' 
a" 
a" 
a" 
a" 
a" 
a' 
a' 
a' 
a' 
a' 
a' 
a' 
A" 
a" 
a" 
a" 
A', 
a" 
A' 
a" 
A' 
a' 
A' 
A', 
A' 
A", 
A", 
A" 
A" 
A'. 
A' 
A', 
A" 
A' 
A' 
a' 
A' 
a" 
a' 
a' 
a' 
A" 
A" 
A" 
A", A" 
, A' 
A'. A" 
• A " 
A' 
A' 
Assignment 
C - CI axial slretching 
C - S stretching 
C - H bending c o p 
C - H bending o o p 
C - CI equatorial stfelching 
C - H bending o o p 
C - CH, rocking 
C - H bending i p 
C - H bending i p 
C - H bending i p 
C - H bending i p 
C - H bending i p 
C - N stretching 
C - H bending i p 
(620 + 720) 
angular methyl group between a 
five & a SIX inembercd ring C,, 
side chain methyl group 
angular methyl group between two 
SIX membered nngs C,,, 
(705 + 730), (700 +-750) 
CH, out of phase deformation 
(2 X 7.50) 
C = N linkage 
(620 + 1060) 
C = 0 stretching 
(700 + 1060) 
(700 + 1110). (7^0 + 1080), 
(1060 + 7.50) 
(765 + 1060) 
(730 + 1150), (620 + 1260) 
(700 + 1260), (720 + 1240), 
(1210 + 750) 
(700 + 1260), (1240 + 750) 
(700 + 1310) 
( 7 2 0 + 1390), (730 + 1380) 
(730 + 17470) 
(2 X 1210), (1110 + n i O ) 
(1260 + 1380) 
(1110 + 1610) 
(1380 + 1470) 
CH, in phase stretching 
(1310 + 1610) 
CH, out of phase sti etching 
C - H stretching 
C - H stretching 
N - H stretching 
{750 + 2870) 
(700 + 2960) 
I R Irequency 
(in cm ') 
650 
700 
705 
720 
750 
770 
1060 
1075 
1115 
1 145 
1210 
1225 
1265 1 
1315 
1365 
1390 
1480 
1615 
1730 
1845 
1930 
1970 
1995 
2020 
2040 
2140 
2160 
2180 
2300 
2460 
2540 
2680 
2860 
2940 
2970 
2980 
3040 
3090 
3120 
3150 
3210 
3430 
3460 
3 500 
3620 
3660 
3720 
3790 
3920 
Int 
7 5 
7 5 
7 4 
7 3 , 
, •73 
7 1 
6 4 
6 1 
2 8 ' 
5 9 
4 4 
2 9 
4 4 
5 8 
3 6 
1 5 
5 3 
0 3 
1 1 
8 5 
8 2 
7 9 
7 8 
7 6 
7 5 
7 0 
7 1 
7 0 
6 5 
6 2 
5 8 
5 5 
4 6 
3 8 
4 4 
4 3 
4 5 
4 3 
3 9 
3 5 
2 8 
4 3 
4 3 
4 2 
4 8 
5 I 
5 I 
4 9 
4 8 
Species 
a' 
5' 
1 a 
a' 
a" 
a' 
a ' 
a 
a' 
a' 
a 
a 
a' 
a' 
a 
a" 
a" 
a' 
a' 
A', A" 
A". A" 
A" 
A" 
A" 
A" 
A' 
A' 
A ' 
A' 
A' 
A', A' 
A" 
a' 
a" 
a' 
A" 
a' 
a' 
a' 
a' 
A " " 
a' 
A" 
A" 
A" 
A' 
A' 
A', A" 
A", A" 
Assignment 
C - Br stretching axial 
C - S stretching 
C - H bending o o p 
C - Br stretching equatorial 
C - H bending o o p 
C - H bending o o p 
C - CH, rocking 
C - H bending i p 
C - H bending i p 
C - H bending i p 
C - H bending i p 
C - H bending i p 
C - N stretching 
C - H bending i p 
angular methyl group between a 
five &. a SIX membered ring C,, 
angular methyl group between two 
SIX membered nngs C,,, 
CH, out of phase deformation 
C = N linkage 
C = 0 stretching 
(700 + 1145), (770 + 1075) 
(705 + 1225), (720 + 1210) 
(705 + 1265) 
(770 + 1225) 
(705 + 1315) 
(650 + 1390) 
(750 + 1390) 
(770 + 1390) 
(700 + 1480) 
(1075 + 1225) 
(1145 + 1315) 
(1060 + 1480), (1225 + 1315) 
(1315 + 1365) 
CH, in phase stretching 
CH, asy, stretching 
CH, out of phase stretching 
(1365 + 1615) 
C - H stretching 
C - H stretching 
C - H stretching 
C - H stretching 
(1480 + 1730) 
N - H stretching 
(2 X 1730) 
(1730 + 770) 
(650 + 2970) 
(720 + 2940) 
(750 + 2970) 
(700 + 3090), (750 + 3040) 
(770 + 3150), (1060 + I860) 
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Table 4. Observed infrared frequencies for 6'(7' H)-oxo spiro ['^p-iodo-
5a-cholestan] 6,3' (4'H)-[2H] thiazolo [3, 2-b]-')-le!razine 
Tabic 5. Observed infrared frequencies for 6'(T H)-oxo spiro ("ip-aceloxy-
.'ia-choleslan] 6.T ( 4 ' H H 2 H i thiazolo [3, 2-b]-'5-ietrazine 
1 R frequency 
(m cm-') 
Int Species Assignment 
670 
700 
710 
735 
780 
1065 
1080 
1105 
1140 
1195 
1240 
1260 
1305 
(375 
6 5 
6 3 
6 6 
6 5 
6 0 
4 2 
4 1 
4 1 
4 3 
4 7 
4 6 
4 7 
5 6 
5 8 
a' 
a' 
a" 
a' 
a" 
a" 
a' 
a' 
a' 
a' 
a' 
a' 
a' 
a' 
1390 
1405 
1470 
1515 
1560 
1640 
1735 
1750 
1775 
1780 
1865 
1895 
2040 
2080 
2140 
2170 
2185 
2220 
2250 
2310 
2350 
2380 
2480 
2490 
2720 
2780 
2875 
2920 
2945 
2960 
3015 
3025 
3125 
3170 
3250 
3420 
344"u 
3610 
3740 
3790 
3840 
4 4 
5 0 
5 2 
6 1 
5 8 
3.4 
4 1 
4.8 
6 1 
63 
6 4 
63 
6 1 
62 
6 2 
6 0 
6.1 
6 0 
6 0 
5,8 
'5 9 
5 8 
5 8 
5 8 
5 4 
5 4 
2 8 
24 
1.8 
1 4 
4.3 
4 7 
5 0 
5 1 
4 8 
47 
4 6 
5 2 
5 5 
5.7 
5 4 
C - 1 stretching 
C - S stretching 
C - H bending o o p 
C - H bending o o p 
C - H bending o o p 
C - CH, rocking 
C - H bending i p 
C - H bending i p 
C - H bending t p 
C - H bending i p 
C - H bending i p 
C - N stretching 
C - H bending i p 
angular methyl group between a 
five & a SIX inembcred ring C,, 
a" angular methyl group between two 
SIX membered nngs C,„ 
A" (670 + 735) 
a" CH, out of phase deforinaiion 
A' (735 + 780) 
A' (2 X 780) 
a' C = O Linkage 
A" (670 + 1065) 
A' (670 + 1080) 
A', A' ( 6 7 0 + 1105), (710 + 1065) 
a' C = O stretching 
A' (670 + 1195) 
A' (700 + 1195) 
A" (735 + 1305) 
A", A' (780 + 1260), (710 + 137-;) 
A" (670 + 1470) 
A" (700 + 1470) 
A' (1080 + 1105) 
A' (1080 + 1140) 
A' (780 + 1470) 
A' (670 + 1640) 
A" (710 + 1640) 
A' (1140 + 1240) 
A' (2 X 1240) 
A" (1105 + 1390) 
A' (1080 + 1640) 
A' (1140 + 1640) 
a' CH, in phase stretching 
A' (1140 + 1780) 
a" CH, asy, stretching 
a" CH, out of phase stretching 
a' C - H stretching 
a' C - H stretching 
a' C — H slretchmg 
A" (1390 + 1780) 
A' (1470 + 1780) 
a' N - H stretching 
a' N - H stretching 
A" (735 + 2875) 
A' (780 + 2960) 
A" (780 +3015) 
A" (710 + 3125) 
1 R frequency 
(in cm"') 
695 
710 
730 
770 
1065 
1085 
II 10 
1145 
1180 
1220 
1260 
1310 
1340 
1375 
Int 
4 5 
2 6 
4 5 
2 8 
^ 2 
2 I 
2 0 
3 8 
3 1 
3 7 
0 0 
3 3 
3 2 
1 1 
Species 
a' 
' a" 
d " 
a" 
a' 
a' 
1 a' 
a' 
a' 
a' 
a' 
a' 
a' 
1 a" 
Assignment 
C - S stretching 
C - H bonding o o p 
C - H bending o o p 
C - H bending o o p 
C - CH, rocking 
C - H bending i p 
C - H bending i p 
C - H bending i p 
C - H bending i p 
C - H bending i p 
C - N stretching 
C - H bending i p 
C = O stretching 
angular methyl group between a 
1185 
1470 
1610 
1710 
1775 
1910 
1950 
2020 
2180 
2290 
2440 
2460 
2500 
2520 
2560 
27S0 
2870 
2940 
2960 
3040 
3080 
3110 
3140 
3200 
3430 
3600 
3640 
.0 7 
five &. a six roembered nng C,, 
angular methyl group between two 
SIX membered nngs C,„ 
0 8 
1 1 
0 2 
3 1 
5 7 
5 8 
5 8 
5 7 
5 8 ' 
5 7 
5 6 
5 6 
5 5 
5 5 
4 9 
0 5 
0 2 
0 0 
2 5 
2 2 
2 1 
2 0 
1 9 
3 1 
4 3 
4 6 
a" 
a' 
a' 
a' 
A" 
A" 
A" 
A' 
A' 
A', A' 
A', A" 
A' 
A".A',A' 
A' 
A" 
a' 
a" 
a' 
a' 
a' 
a' 
a' 
A' 
a' 
A" 
A" 
CH, out of phase deformation 
C = N linkage 
carbonyl stretching in between 
aceloxy group and a six membered 
ring 
C = 0 stretching 
(730 + 1180) 
(770 + 1180) 
(710 + 1310) 
(710 + 1470) 
(1110 + 1180) 
(710 + 1730). (2 X 1220) 
(730 + 1730), (108S + 1375) 
(770 + 1730) 
(1145 + 1375), (1340 + 1180) 
(1220 + 1260) 
(1220 + 1340) 
(1310 + 1470) 
CH, in phase stretching 
CH, asy, stretching 
CH, out of phase stretching 
C - H stretching 
C - H stretching 
C - H stretching 
C - H stretching 
(1470 + 1730) 
N - H stretching 
(730 + 2870) 
(700 + 2870) 
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assigned to axial C - B r stretching and equatorial C-Br stretching 
vibrations in (Bromo C6-SPT) respectively. 
Axial C-Cl stretching vibrations and equatorial C-CI 
stretching have been observed at 620 cm"' and 750 cm"' 
respectively in (Chloro C6 -SPT). Barton etal [7] has suggested 
these vibrations near 617 cm"' and 750 cm"' respectively. 
Barton, Page, and Shoppee [7], suggested C-1 stretching 
vibrations at 672 cm"' for lodo- steroidal. The band observed at 
670 cm"' in (lodo C6-SPT), has been assigned to C-I stretching 
vibration. 
The C-S stretching vibration normally appears in the infrared 
as a weak absorption in the range [8], (700-600 cm"'). The bands 
observed at 685 cm"' in (C6-SPT), 700 cm"' in (Chloro C6-SPT)', 
700 cm-', in (Bromo C6-SPT), 700 cm"' in (lodo C6-SPT), and 
695 cm"' in (Acetoxy C6-SPT) have been assigned to C-S 
stretching vibrations. 
Bellamy [8] and Rao [9] have suggested that N-H stretching 
vibrations occur in the region (3450-3400 cm"'). In accordance 
with their conclusions, the bands observed at 3440 cm"' in (C6-
SPT), 3420 cm"' in (Chloro C6-SPT), 3440 cm"' in (Bromo C6-
SPT), 3420, 3440 cm"' in (lodo C6-SPT), and 3430 cm"' in 
(Acetoxy C6 - SPT) have been assigned to N-H stretching 
vibrations. 
Several workers [10-12] reported C = O stretching vibrations 
in five-raembered rings for steroids at (1780-1778 cm"'). The 
observed band at 1760 cm"' in (C6-SPT), 1730 cm"' in (Chloro 
C6-SPT), 1730 cm"' in (Bromo C6-SPT), 1780 cm"' in (lodo C6-
SPT), and 1775 cm"' in (Acetoxy C6-SPT) have been assigned 
as C = 0 stretching vibrations in five membered ring. 
Hadzi and Skrbljah [ 13] and Lieber etal[\4] have suggested 
C-N stretching vibrations around 1260 cm"'. We observed C-N 
stretching vibrations at 1260 cm"' in (C6-SPT), 1260 cm"' in 
(Chloro C6-SPT), 1265 cm"' in (Bromo C6-SPT), 1260 cm-' in 
(lodo C6-SPT),and 1260 cm"' in (Acetoxy C6-SPT) have 
correlation with the given assignment. 
Lieber era/ [14] reported a number of C = N conjugated ring 
compounds and observed a strong absorption at 1626 cm"', 
which they assigned to the C = N linkage vibration. The bands 
observed at 1630 cm-' in (C6-SPT), 1610 cm"' in (Chloro C6-
SPT), 1615 cm"' in (Bromo C6-SPT), 1640 cm"' in (lodo C6-
SPT), and 1610cm"' in (Acetoxy C6-SPT) have been assigned 
to C = Nlinkage frequencies. 
S. Thermodynamic functions 
The thermodynamic functions of pyridine, benzene derivatives, 
p - Fluorobenzyl Alcohol, 2, 3 - dimetoxy toluene, 
• Trifluoromethylbenzoyl Chlorides, 6 - azauracil, 5 - lodo urcil, 6 
, T methyl uracil, bio - molecules, have been the subject of many 
investigators [15-22], as the thermodynamical properties of a 
molecule may be computed more accurately than measured, 
using fundamental frequencies of a molecule. Therefore, it was 
considered worthwhile to study the thermodynamic properties 
of series of C 6-spiro steroidal tertrazines. The ideal gas state 
thermodynamic functions are computed in the temperature range 
100-1500 K utilizing the spectroscopic data given in Tables (1 -
5). The numerical values for the thermodynamic functions in 
ideal gas state as given in Table 6 are computed as described 
earlier [23-25]. 
6. Conclusion 
Vibrational assignments of such complicated molecules have 
been performed by taking the help of similar vibrations observed 
in similar molecules. These studies will be helpful to identify 
ground state vibration.s of the above steroids. In the electronic 
spectra ofthc steroids, excited state vibrations can be confirmed 
with the help of ground state vibrations observed in the infrared 
spectra of the same molecules. 
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7 Characterisation of Molecular Super exciplex by ASE Spectra 
V. Masilamani and A Al-Dwayyan 
Physics Department. 
King Saud University, Riyadh, 
and 
A A Al-ghamdi, and T S M Al-Saud. 
Space Research Institute, King Abdulaziz City for Science and Technology, KACST, Riyadh 
The present paper gives experimental details and results concerning the newly proposed molecular spe-
cies-super exciplex'. This molecular species consists of two excited molecules obtainable mostly under pulsed 
laser excitation. A typical example is the coumarin dye C460 in ethyl acetate producing two bands in ampli-
fied emission spectra under pulsed laser (Third Harmonic Nd: YAG or Tunable Ti-sapphire laser) pumping. 
We have compared the ASE Spectra of four coumarin dye solutions C440, C445, C450, and 460 (10 mM 
solution of ethyl acetate). These dye solutions were transvered excited using tunable Ti-sapphire laser. The 
ASE spectra obtained thereafter analysed using monochromator and CCD camera. The study shows clearly 
that the superexciplex is dependant strongly on the photon density and also, that it is a nonlinear phenomenon. 
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8 Determination of thermal properties of semi conducting materials 
and performance of open photoacoustic cell configuration 
H Singh, S K Joshi. J C Kapil and A K Rai 
Laser and Photoacoustic Laboratory, 
Department of Physics, GB Pant University of Agriculture and Technology, Pantnagar-263 145, India 
The thermal diffusivity , thermal effusivity and thermal conductivity of the silicon samples have been 
evaluated from the phase lag method in photoacoustic signal as a function of the modulation frequency under 
heat transmission configuration. It is well known that the thermal conductivity depends on the doping level of 
crystals. Analysis is made on the basis of the Rosenwaig-Gersho theory and results are compared with those 
from earlier calculated photoacoustic studies of semiconductors. Our investigation clearly indicates that the 
instantaneous thermalization process is the major heat diffusion mechanism responsible for the photoacoustic 
signal generation in silicon samples. 
9 FT-Raman and FT-IR spectra of 4-formylbenzoic acid 
Yogesh Kumar Agarwal and P K Verma 
Department of Physics 
Aligarh Muslim University, Aligarh-India, 
e-mail: ykal23@yahoo.com 
FT-Raman and FT-IR spectra of commercially available 4-formylbenzoic acid molecule of spec pure 
Proceedings of National Conference on Lasers & Speclroscopy-2003 21 
grade have been recorded in the region 400- 4000 cxm"' and 50-500 cm"' respectively, using Bruker IFS 66V 
FT-IR/FT-Raman spectrometer having a resolving power of 0.1 cm"'. The FT-Raman of the powder sample 
over the range 50-3500 cm"' are recorded using Nd-Yag laser, at wavelength 1064nm and power 200 mW and 
a germanium diode detector. The FT-IR spectra in far infrared region are obtained over the range 50-500 
cm"' using polyethylene technique at a resolution of 4 cm"'. The FT-IR spectra in mid infrared region are 
recorded over the range 400-4000 cm'' on a Nicolet Avtar-360 FT- IR spectrophotometer, using KBr pellet 
technique. The accuracy of the measurements was estimated to be with in ± 2 cm"'. 
The vibrational analysis is carried out in terms of fundamentals, their combinations and differences. The 
probable modes of vibrations have been assigned assuming C, symmetry, as there is only one element of 
symmetry i.e plane of the molecule and thermodynamic functions have been computed for a few temperatures 
in the range from 100- 1500K. 
10 Study of electronic charge distribution on tomaymycin 
and its interaction witii DNA 
S N Tiwari, M Mishra and R Shukla 
Department of Physics, D D U Gorakhpur University, Gorakhpur-273 009, India 
Tomaymycin is a member of pyrrolo [l,4]-benzodiazepin family, which is known to inhibit the biosynthe-
sis of DNA. The antibacterial, chemotherapcutic and pharmacological properties of tomaymycin are well 
reported. All the biological activities of tomaymycin are attributed to its effect on nucleic acid synthesis, 
which is accomplished by virtue of its ability to bind to DNA and interfere with functions of DNA. In view of 
this fact, intermolecular interactions between nucleic acid base pairs and tomaymycin drug have been evalu-
ated using Rayleigh-Schrodinger perturbation treatment along with multicentred-multipole expansion method. 
CNDO/2 method has been employed to compute net atomic charge and corresponding dipole components 
associated with various atomic centres of the drug molecule as well as base pairs. Binding patterns, relative 
stability of various drug-base pair complexes and preferred binding sites etc. have been discussed. An attempt 
has been made to elucidate a possible correlation between biological activities and physico-chemical proper-
ties of the drug. 
11 Quantum meclianical study of drug-nucleic acid interactions : Rifamycin S 
S N Tiwari, M Mishra and R Shukla 
Department of Physics, DD U Gorakhpur University, Gorakhpur-273 009 
Rifamycin S is one of the members of rifamycin family which is most active antibiotic. It is well known 
for its binding activity with RNA polymerase. Binding behaviour of this antibiotic drug with nucleic acid base 
pairs has been examined using quantum mechanical methods. Slacking interactions between RNA base pairs 
and rifamycin S have been evaluated using modified second order perturbation theory. Molecular charge 
distribution on the drug molecule as well as base pairs has been computed using CNDO/2 method. Results 
have been used to elucidate the binding patterns, relative stability of various drug-base pair complexes and 
preferred binding sites of the drug molecule etc. 
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I R STUDIES OF SOME STEROIDS 
Yogesh Kumar Agarwal, P.K Verma 
Ehtsham Hussain Khan% Sheeba Shafi^ and Shafiullah^ 
Department of Physics, Aligarh Muslim University;, 
Aligarh (202002) U.P. India 
^Steroidal Research Laboratory Department of Chemistry 
Aligarh Muslim University Aligarh 
Abstract 
Vibrational spectra of complex polyatomic molecules play an important role to 
recognize the various vibrations. These vibrations are responsible for the activity of 
the certain molecule, which is present most of the times to obtain the exact behavior 
of these complex molecules. Vibrations are also responsible to give the reason for the 
importance and spectral contribution in a large molecule. In the continuations steroids 
and its derivatives are studied in the infrared region to detect the various strong 
vibrations, which can tell the peculiar behavior of steroids. 
3( - [(4'-amino) 5'- merchapto-1',2', 4'- triazole-3' - methoxy] cholest - 5 - ene, 3( 
-[(4'- imino - p - toluedyl) 5'- merchapto- 1', 2', 4' - triazole-3' - methoxy] cholest - 5 -
ene, 3( - [(4'-imino benzylidene) 5'- merchapto-1', 2', 4' - triazole- 3'-methoxy] cholest 
38 
- 5- ene, & 3( - [(4'-imino- p- nitrobenzylidene) 5' - merchapto- V, T, 4' - triazole-3' -
methoxy] cholest - 5 - ene, have been prepared. Infrared spectra of these compounds 
have been recorded on Perkin-Elmer model 237 in the range 600 - 4000 cm-1. 
Important characteristic vibrations of the above molecules have been identified in 
terms of C=N, C-O, -NH2, C=C aromatic, C-N, C=0, -SH and other fundamental 
vibrations. Molecules have been considered to belong to Cs point group, as there is 
only one element of symmetry i.e. plane of the molecule. Effect of the substitutents of 
the parent molecules is quite evident by shift in the vibrational frequencies and change 
in nature of infrared spectra. Vibrational analysis has been performed in terms of 
various fundamental vibrations and combinations of these vibrations. These 
compounds also exhibit some interaction vibrations, which indicate the nature of 
complexities in such big molecules. 
P-13 
URIC ACID BIOSENSOR BASED ON 
POLYANILINE FILMS 
V i b h a S a x e n a a n d B. D . M a l h o t r a 
Biomolecular Electronics and Conducting Polymer Researcli Group 
NationalPtiysical Laboratory, Dr K. S. Krishnan Road 
New Delhi-n0012, INDIA 
Abstract 
Considerable efforts have been devoted in the last decade to the use of 
conducting polymers as the active components in semiconducting devices, because of 
their unique electronic properties, diversity, ease of fabrication, and potentially low 
cost. These devices include field effect transistors (FETs), diodes, biosensors etc. 
Recently, there has been an increasing demand to develop rapid, inexpensive and 
reliable methods for the determinat ion of biologically significant molecules. 
Biosensors, being efficient and specific for the detection of such molecules have 
attracted much attention for the detection of such molecules. Conducting polymers 
provide suitable matrix for the immobilization of the enzyme and rapid electron 
transfer at the electrode as well. Uric acid (7,9dihydrolH-purine-2,6,8(3H)-tri one) 
represents the major catabolite of purine breakdown in humans and for this reason 
remains an important molecule for disorders associated with purine metabolism such 
as gout, hyperuricaemia and Lesch Nyhan syndrome. 
In this context an attempt has been made to develop a uric acid biosensor using 
electrochemically prepared polyaniline (PANI) electrode. The electrode was 
39 
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23 I R studies of some steroids 
Yogesh K u m a r Agarwa l and P K. Vcinia 
Department of Physics, Aligarh Muslim Universit}', Aligarh-202001. (U P) India. 
Ehtsham Hussain Khan, Sheeba Siiafi and Shafiullah* 
^Steroidal research laboratory. Department of Chemistry, 
Aligarh Muslim University, Aligarh-202001, (U P). India 
Vibrational spectra of complex polyatomic molecules play an important role to recognize the various 
vibrations. These vibrations are responsible for the activity of certain molecule, which is present most of the 
times to obtain the exact behaviour of these complex molecules. Vibrations are also responsible to give the 
reason for the importance and structural contribution in large molecule. In this continuation steroids and its 
derivatives are studied in the infrared region to detect the various strong vibrations which can tell the peculiar 
behaviour of steroids. 
N-2'-hydroxyethyl-3-aza-6p-(2'-azidoethoxy)-A-homocholest-4a-en-4-one,3p-chloroN-2'-hydroxyethyl-
6-aza-B-homo-5a-cholestan-7-ene, 3P-aceto N-2'-hydroxyethyl-6-aza-B-homo-5a-cholestan-7-ene and N, N 
bis (2'-hydroxyethyl)-3,6-diaza-A, B-bishomocholest-4a-en-4,7-dione, have been prepared. Infrared spectra of 
these compounds have been recorded on Perkin-Elmer model-237 in the range 600-4000 cm"'. Important char-
acteristic vibrations of the above molecules have been identified in terms of C-Cl, C-0, CH3CO-O, CO-N, C-N,-
OH, N-CO-, amide band and other fundamental vibrations. Molecules have been considered to belong to Cj 
point group, as there is only one element of symmetry i.e. plane of the molecule. Effect of substituents of the 
parent molecules is quite evident by shift in the vibrational frequencies and change in nature of infrared 
spectra. Vibrational analysis has been performed in terms of various fundamental vibrations and combinations 
of these vibrations. These compounds also exhibit some interaction vibrations, which indicate the nature of 
complexities in such big molecules. 
24 Crystal growth and characterization of non-linear optic 
urea-thiourea mixed crystals 
R C l e n c y and M Rav ichandran , 
Poompuhar College 
(Mrs.) G. Madhuramba l 
Department of Chemistry, A DM College, Nagapattinam. 
Today crystals are the pillars of modern technology. Without crystals there would be no electronics 
industry, no photonic industry, no fibre-optic communications, very little modem optical equipment and .some 
very important gaps in conventional production Engineering. 
The Nonlinear, optic urea-thiourea mixed crystals of proportions a = 0.9,0.75,0.5,0.25,0.1 were grown by 
solution technique by slow evaporation method. The crystals obtained were harvested. The mixed crystals 
obtained had different morphology and so they were photographed. The X-ray powder diffraction analysis 
was also carried out for the mixed crystals and the planes were identified. 
25. Evaluation of coronary endarterectomy specimens using vibrational spectroscopy 
M Mylrajan, P Suresh Kumar, N Mahu Sankam, Sanjay Cherian, K M Cherian 
Regional sophisticated instrumentation center, 
Indian Institute of Technology & Institute of Cardiovasctdar Diseases, Chennai. 
In-patients with diffuse coronary artery disease, endarterectomy is often performed to remove atheroscle-
rotic plaques, which improves distal run off and allows complete revascularisation. Endarterectomy specimens 
removed during coronary artery bypass surgery were subjected to Fourier Transformation Infrared spectoscopy 
and Founer Transformation Raman Analysis with the aim of analyzing the components and genesis of calcium 
deposition. It revealed the presence of calcium phosphate, where the phosphate modes are seen at 561 & 601 
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Fourier Transform Infrared Spectra of 2 - lodo - 5 - Nitrotoluene £ind 
2, 6 - Dichlorobenzaldehyde Molecule 
Yogesh Kr. Agarwal, Fauran Singh, K. M. Laf, and P. K. Verma 
Department of Physics, Aligarh Muslim University, Aligarh (202002) U P India 
*Z H College of Engg And Tech, A M U Aligarh (202002) U P India 
ABSTRACT 
FTIR spectra of 2 - lodo - 5 - Nitrotoluene and 2, 6 - Dichlorobenzaldehyde 
Molecules have been recorded in solid phase taking KBr disc Both of the spectra lie 
in the region 400 - 4000 cm'' C-I vibration and C=0 vibrations have been identified 
Vibrational analysis has been performed taking the molecules belonging to Cs point 
group Sharp features of the spectra have been explained on the basis of occurrence 
of various fundamental and overtone vibrations 
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Infrared Spectra of 6-OximinochoIest- 4- ene - 4-thio-
carboxylic anhydride 
Yogesh Kumar Agarwal, P.K.Vemia 
Department of Physics, Aligarh Muslim University, Aligarh (202 002) U. P. India. 
Ehtsham Hussain Khan, Sheeba Shafi, Shafmllah 
Steroidal Research Laboratory, Department of Chemistry, 
Aligarh Muslim University, Aligarti (202 002), U P , India 
ABSTRACT 
Steroids are very important compounds for medicinal use. Its derivatives play an 
important role to prepare the medicines for acute diseases. Derivatives of 6-
Oximinocholest - 4- ene- 4- thio- carboxylic anhydride have been prepared. Infrared 
spectra of Chloro and acetate derivatives of 6- Oximinocholest - 4- ene- 4- thio-
carboxylic anhydride and the parent compound have been recorded on Perkin - Elmer 
model -237 in the range 650 - 4000 cm''. Important characteristic vibrations of the above 
molecules have been identified in terms of C=S, C=C, C=N, C-CH3 and other 
fundamental vibrations. Molecules have been considered to belong to Cs point group, as 
there is only one element of symmetry i.e. plane of the molecule. Effect of substituents of 
the parent molecules is quite evident by shift in the vibrational frequencies and change in 
nature of infrared spectra. Vibrational analysis has been performed in terms of various 
frindamental vibrations and combinations of these vibrations. These compounds also 
exhibit some interaction vibrations, which mdicate the nature of complexities in such big 
molecules. 
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2IX-NMR STUDY OF STEROIDAL KETONES 
Shafiullah, Ehtsliam Hussain Khan and Sheeba Shafi 
Steroid Research Laboratory, Department of CheiiuStr>' 
Aligarh Muslim University, Aligarh - 202 002., India 
To be of any use to us. 'H-NMR Spectrum must be assigned with respect to the hydrogens in the 
structure of a molecule of an organic compound. Once this has been done, more information can be 
extracted sudi as the value of couplings which give conformational information A serious problem one 
often face in one dimensional *H-NMR Spectroscopy is that there can be complex overlapping of peaks 
making assignment of chemical shifts and coupling constants difficult. To overcome these problems, two 
dimensional NMR spectroscopy is used. In this paper we have studied the 2D-NMR spectra of steroidal 
k^ones suchas 3p^ydroxy-5a-cholestan-6-one (I), its 3p-acetoxy (II) and 3(5-chloro (III) analogues. Both 
^H-'H-NMR homonuclear and ' H - " C - N M R heteronuclear cos}' spectra (one bead co.Tclation) were 
discussed. 
MASS SPECTRAL STUDY OF 3B-SUBST1TUTED STEROIDAL 
DIASTEREOMERIC C6-SPIR0 OXATHIOLANES 
Shafiullah, Ehtsham Hussain Khan and Sheeba Shafi 
Steroid Research Laboratory, Department of Chemistry 
Aligarh Mudim University, Aligarh - 202 002.. India 
With the awareness of many fold uses of mass spectrometry we lia\e used this technique for the 
configurational studies. In this paper we have examined mass spectra of 3p-substituted C6-spiro 
oxatMolanes such as 3P(2'-thiohydroethoxy)-(6R)-6, 6-oxyethylenetluo-5a-choIestane (I) and 3p-{2'-
hydroxythioethoxy)-(6R)-6, 6-oxyethylenethio-5-5a-cholestane (II). Both the oxathiolanes gave molecular 
ion p e ^ at m/z 522 (M+) followed by some fragment ion peaks at m/z 462, ;m/z 444, m/z 384, m/z 307 
and lower mass peaks. In this paper, the mechanisms for the formation of these fiagment ions are given 
and stereochemical studies at C6-spiro carton are made. 
INFRARED SPECTRA OF C6-SPIR0 STEROIDAL TETRAZEVES 
Yogesh Kumar Agarwal, P.K.Vemia Depannent of Physics & 
Shafiullah, Steroidal Research Laboratory, Department of Chemistry, 
Aligarh Muslim University, Aligarh- 202 002., India 
Steroids are very important compounds for medicinal use. Its derivatives play an important role to 
prepare the medicines for acute diseases. Derivaties of C-6 Spiro steroidal tetrazines have been prepared. 
Inficaxed spectra of Chloro, Bromo, lodo and acetate derivatives of C-6 Spiro steroidal tetrazines and the 
parent compound have been recorded on Perkin - Ehner model 620 in the rang 600 - 4000 cm'^ . Important 
characteristic vibrations of the above molecules have been identified in terms of C-S, C=0, N-H. C-CH3 
and other fimdamental vibratioa Molecules have been considered to belong to C^  point group, as there is 
only one element of symmetry Le. plane of the molecule. Effect of substituents of the parent molecules is 
quite evident by shift in the vibrational frequencies and change in nature of infi-ared spectra. Vibrational 
analysis has been performed in terms of various fundamental vibrations and combinations of these 
vibrations. These compounds also exhibit some interaction vibrations, wliich indicate the nature of 
complexities in such big molecules. 
